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Description of the Reactor Vessel

Momenclature, Placement and Purpose of the Reactor Vessel and
Related Components

Flow Paths Through the Reactor Vessel
Sasic Concepts of Brittle Fracture in Low L11oy Carbon Steeis

Operational Limitations

-, GENERAL DESCRIPTION

1.

2.

Design Basis

-

. r=in the reactor COre. reacior internzls and the reacior

serve as a high integrity barrier against the leczkaage of

radicactive materisls to the drywell.

c. 7o provide a flocdabie voiume in which the reactor core can
Se adequately cooled in the event of a breach in the primary
system external to the reactor vessel.

Description (Figure 1)

a. Dimensions and Weights

- - * < b - i s -3 L T £ 3 e - RPN
Suerzll meicht - 78' 1-15/1€7 - (Sotiom €7 SKAYT Al 0D 0
Yl
center meac nozzle “iance -
- ~rogas® -
- SES Grewing (UsnZosy



(¢ N

-2 -

inside diameter - 251"

YWall Thickness
Cylindrical Sections - 6-7/16"- plus 1/8" stainless steel
cverlay on the interior

Bottom head - 8-7/16"-plus 1/8" stainless steel overlay on
the interior (Extra thickness is needed
to compensate for the CRD housing
penetrations.)

Heights
Reactor vessel without head - 624.5 Tons
Head Only 126.0 Tons

Total - 750.5 Tons

Note: The reactor vessel head is the heaviest 1ift for the
reactor building overhead crane and is the basis for
sizing of this crane. Head weight includes 30 tons
which is the weight of the head studs, nuts and
washers.

Haterials

Base metal - low manganese - molybdenum low carbond steel
alloy ..

~

-
|

Inside overlay - weld overlaid of austenitic stainless
steel applied to all interior carbon steel surfaces of
both the vessel and head.

NAS]
—

Purncse - to cover all carbon steel surféces to minimize
scrrosicn which would adversely aftect water clarity curing
refueiinc operations.

Head Attachment

i Felc on by 92 studs and nuts (more later)
Vessel Hozzles (Figure 1)

1) Level instrumentation and reactor vessel vent nozzle -
quantity: 1

a) Purpose - provide a tap for wide range level instru-
Sentation znd a vent ‘or non-condensibie aases.
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b) The vent function is used during shutdown and is
primarily needed following isolation of the main
steam lines. Gamma radiation from the core dis-
associates water into H, and 0, which must be
vented to permit vessei flcoding and cooldown.

Head Spray Nozzle - Quantity: 1

a) Purpose - provide for spraying cool water from the
ﬁeag spray mode of the residual heat removal system
to collapse steam in that area to permit vessel
flooding -while shutting down the plant.

.Spare Head Nozzle - Quant%ty: 1

a) 'Purgose - Originally used for vibration measurement
instrument leads connected to the jet pumps, shroud
head and steam separators, and steam dryer assembly.

(1) Also used for moisture carry over measurement
sensing lines to test performance of the steam
separators and steam dryer assembly.

b) A1l the above instrumentation is usually removed during
the first outage following successful completion of
testing. The nozzle is then blank flanged.

Hain Steam Nozzles - Quantity: 4

g2) Purpose - to conduct dry steam out of the reactor.

) tiote that nozzles are not at ag® angles fron each

other. This is due to the conviguration of ine
steam dryer (more leater).

Lr

instrument Nozzles - Quantity: 6

z¢) Purpose - provides for the sensing of reactor water
level and pressure.

Feedwater Nozzles - Quantity: 6
3) Purpose - conducts feedwater into the reactor vessel

zs required to repnlace steam sent to the turbine in
order to maintain & constant water level.
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Core Spray Nozzles - Quantity: 2

a) Purpose - provides for the low pressure spraying
of the core in the unlikely event of a loss of
coolent accident.

Control Rod Drive Hydraulic System Return Nozzle -
Quantity: 1

a) Purgose - returns excess water to the reactor vessel
_ that is not used for moving or cooling the control
rod drives.

;Recircu]ation Suction Nozzles - Quantity: 2

a) Purpose - provides water from the reactor to the
suction of the recirculation pumps.

Recirculation Inlet Nozzles - Quantity: 10

a) Purpose - routes water from the discharge of the
recirculation pumps to the driving nozzles of the
jet pumpts to provide the required core flow.

Jet Pump Instrument Nozzles - Quantity: 2

a) Purpose - routes jet pump differential pressure flow
D e St . -
sensing lines out of the reactor vessel.

Core Differential Pressure and Standby Liquid Control
flozzle - Quantity: 1

z) Purpose - tc provide for injection of scdium pentaborate
“0 shutdown the reazczor in the event of feilure of the
control rod drive and/or rzzctor protection system to
scram the plant.

To provide instrumentation taps for measurement of
reactor core differential pressure.

Also provides a pressure reference for determining jet
pump Tlow.

13) Bottom Head Drain - Quantity: 1

s) Purpose - to provide for draining of the vessel during
consiruction testing and Tiushing.
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b} Located at the lowest point of the reactor vessel to
assure gocd crud removal.

Connects to the Reactor Water Cleanup system to pro-
vide a continual flow of water out ¢¥ the bottom hezc
region to prevent the accumulation of cold water.

Cold water comes from the cooling water in flow in the
control rod drives and can build up in the bottom
head regiona during low core flow conditions.

-

efueling Bellows Skirt (Figure 1)

——r

} Purpose

a} Provides a weld attachment for the refueling bulkhead
bellows.

b) The bulkhead and beliows combination provide a water
tight seal at the flange area of the reactor vessel
to permit flooding cf the reactor cavity to permit
transter of spent fuel out of the vessel.

2) Beliows and bulkhead will be covered in detail in the
Fuel Pool Cooling System presentation.

Insulation Sunborts (Figure 1)

7) Weided rings provided at various tocaticns to supnort the
vessel metallic insulation.

Thermocounle Mounting Pads (Ficure 1)

Ty lecztec et severzl locaticns on the vesse: Croper anc
supcort skirt to provide for monitoring cof temperatiure
of the reactor vessel. (i1l be discussed in detail in
the Reactor Vessel Instrumentation presentztion.)

‘essel Construction (Figures 1 and 2)
1) Shell Sections {Figure 1) - 4 total cylindrical sheil

courses, each sheli-course consisting of 2 or more rolied
plate sections welded together at vertical seams.

(AN
~

Shell Course No. 3 '(Figure 2} - This particular shell

course has 5 vertical welds, all located away from the

-
PR 398
nczZlles.
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Top Head (Figure 2)

Consists of: "Dollar" piece on too that accommodates
the 3 head nozzles. Tapered sections form the remainder
cf the scherical head. Fiange section is two semi-
circular pieces welded together.

Bottom Head (Figure 2) .

Approximately the same design as used for the top head.
Note that all welds are outside the area where the CRD
and incore housing penetrations are located.

i. Reactor Vessel Support (Figures 3 and 4)

1)

ny

-

Vertical Support (Figure 3)

a) Purpose - to vertically support the entire weight
of the vessel, internals, fuel and moderator.

b) Consists of the following:
Vessel Support Skirt (Welded to Bottom Head)
Ring Girder
Scle Plate
Concrete Founded on Bedrock
Lateral Support (Figures 3 &nd 4)

&) Purpose - to provide lateral support for the vessel.

Designed to accommocezte both seismic forces and jet
forces resulting frov the breakzge of any pipe
z==zched to the reac:or vessei (e.¢., a main steanm
iine)

b) Yecsel to Biological Shield Stabilizers

L eodown points are provided on the reactor vessel
2t 90~ angles from each other.

& tensioned soring washer stabilizers tie the reactor
vessel to the biological shield.

These are basically spring lcaded turnbuckles. The
tension is adjusted 011ouing stabilizer installdtion

- - 4 -—- &
v rotztinc the eciusting nut.
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c) Biological Shield to Contzinment Stabilizer

0

2 pairs of stabilizers loczted &t 45~ engles from
eac

ach other.

Consists of 10" diameter pibes vwelded to top of
biological shield and boited to fittings on the
containment wall.

Gibs between the exterior of the containment and

the reactor building accommodate vertical differ-
ential expansion of the drywell and reactor building
concrete.

Lateral support is provided in compression only, so
“that no tension forces are applied that will pull
the containment inward.

COMPONENT DESCRIPTION (Figure 5)

1.

~

[#3 ]

Review

2riefly co over Figure 5 and review the location and configuration
of the mejor reactor vessel internal components.

Order of Discussion

The rezc*or vessel internails discussed belcw will be covered in
+he order in which they were instzlled in the reactor vessel
during plant construction.

Baf<ie Plate (Figure 5 and Drawing 104R935)

Zlsc vnown zs diffussr seai rinc e&ncd shroud supoort ciaze.

ar
(31}

b. “Surpose

') To orovide a mounting surfece for the jet pump diffuser.

»ny
p—

To separate the recircuiating suction area (downcomer
arez) from the core inlet plenum area (below core

nlate area).
¢c. Installation
1) Installed in the factor-prior o shipment to the field.

C e e - -
YoLeized o the vesser wéu!

")
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3) Supoorted by 6 column members welded directly to the
vessel bottom head (See 104R§33, Sheet 1)

Y

2} The support columns support the weight of:

Jet Pumps

Shroud and Core Spray Sparger
Core Plate

Top Guide

Peripheral Fuel Bundles

5) NotS: There &re 2 access holes in the core plate,
180 from each other. (See Drawing 104R935, Sheet 2)

* These provide access to the be]ow core plate area
during construction.

Upon completion of construction,these access holes are
welded shut using cover plates.

. Jet dumps (Figures 5, 6 and Drawing 104R935)
&. ~ FUrpcse
To provide forced flow of coolant-moderator through the

rezctor to yield higher reactor power ocutput than would
be possible with natural circulation.

~

Sescription (Figure &)

wr

10 jet pump assemblies each consisting of the following:

1 Iniex 2iser and Thermal Sleesve

T Trzneizion Fiece Welded to Top of inlet Riser

Z “ozzies

2 ‘Yixing Sections

1 Sracket and FPes:rainer Gate Assembly

2 Biffuser Sections Having & 19" Inside Diameter at
<he s0tiom

c. 1Instzliation

1} Riser Assembly
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Thermal Sleeve

On end of riser, is welded into the nozzle at the
outer end {pipe attachrment end). (See Jrawing
104R935, Sheet 1)

Purpose of Thermal Sleeve

To prevent overstressing the reactor vessel nozzle
due to differences in temnorature between inlet
water and vessel wall and nozzle temperatures.

worst Case Conditions

(2)

(1) Normal Operation

Operation of Shutdown Cooling during Plant
Cooldown.

Emergency Operation

Injection of cold water from the Low Pressure
Coolant Injection System.

Riser Brace Arms (Drawing 104R935)

(1)

(2)

Purpose

To support the uoper end of the riser and provide
for the vertical o.rferen.1a1 expansion between
the riser and rezctor vessel during heatuoc and
coo]down. (See orawing 104R935, Sheet 1 and 2)

To orovide zdequate restraint to zccommedate
riser vibration which can occur under certain
modes of recircuiztion system operztion.

Two Sets of Brace Arms

Tuning Fork Type
Single Bar Type

Tuning Fork Type

Welded to vessel wali and bracket which 1s weided
+c ricer.
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{¢} Single Bar Type
Added for additional restraint of riser. (Newer

plants have a different design riser bracs arm
system.)

Located just below the tuning fork brace arms.

e) Reason for Risers

Used to perw1t lower1ng of the Recirculation inlet
nozzles to get them out of the active core region
so that they don't receive any significant fast

. neutron exposure which could change the mechanical
properties of the materials.

2) Diffusers
a) Adzptor -

(1) 6" nigh, 19" diameter &daptor is first welced
to the baffle plete.

(2) This is done to make the welding and orecise
2iignment of the diffusers easier.

(3} The diffusers are then alioned and welded 1o
the diffuser adaptors.
(£) Upper end of diffuser has 4 guide vanes and

a slip fit joint to accommodate the mixer
sections.

'35 Guide vanes meke it szsy to cheange cut Tixer
section from the reactor fiange area.
3} “ixer Sections

a) Slips into upper end of diffusers.

5) Pestrained at midpeint by the bracket and resirainer
cate assembly. (See Crawing 104Rg35, Sheet 2)

¢} Zach slide of the bracket assembly consists of:
Z restrainer gates that czn be unbolted tc swing
cu-.uard To mevmit inssziizcion/~eTsval of the sing
szcticn
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2 adiusteble bolts 126° from ezch cther that ar
set to provide the proper lateral restraint of the
mixer section.

A wedge assembly that is spring loaded in the down-
ward direction holds the mixer section against the
above 2 adjustment bolts.

(more on purpose of this assembly later.)

d) A "D" handie is provided on the wedge assembiy so
that it can be 1ifted-to permit closing of the
restrainer gates with the mixing assembly in place.

4) Nozzles

a) Nozzles change the direction of the driving flow 180°.
The nozzle end has the flared opening to accommodate
the plenum water as an integral part of the nozzle.

b) Eolted down at upper end to the transition piece.

c) The lower end is secured to the upper cylindrical
shaned mixing section by & clamp.

Purpose of having a slip fit at the diffuser and mixer sections.

1) The inlet riser enters the reactor vessel at & hicher
elevetion than the bottom of the diffusers which is
permanently welded to the shrcud suoport (baffle plate).

2) There will be different verticai crowths durinag rezctior
heatur znd ccoidown ¢7:

nless Steel Riser Assembly

injess Steel Diffuser Assembiy (Different Lencth
an Riser)

Carbon Steel Reactor Vessel

3) Therefcre an expansion joint is recuired to accommocate
the net differential expansicn of these components.

Purpose of having a bracket and restrziner gate assembly:

1} A ohenorenon known as fretting corrosion hes been observed
in st

- - - - - - - - -— -
zinless steel in resczor en/ivinTents.

Z% Fretving rorresion is orimariiy vitration inducec.

1
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3) A brzcket and restrainer gate asserbly is employed to
assure there is no vibration between the mixer to ciffuser
slip fit.

4) The combination of the bracket, restrainer gates, wedges,
etc., assures maximum stiffness of the mixer section and
prevents any vibration from occurring and hence fretting
corrosion does not occur.

f. Flow Paths and Basic Operation

1) Driving water enters the inlet riser, the transition piece,
_and its direction is turned downward by the nozzles. .

2) The nozzles increase the velocity of the driving water
and at the same time lower its pressure.

3)- The lower pressure in the upper end of the mixing section
draws the water in the plenum and the two flows are carried
downward together and mixed in the mixing section.

£
-

The diffuser section slows the flow and thereby increases
the pressure of the fluid.

5) ' The hicher pressure water exits the lower end of the jet
pump and into the lower plenum where it then passes up
throuah the core.

G. Jet Fump Principles of Operztion

Will be covered in more detail durinc the Recirculation System
nresentztion.

n. dJet Pump Height Consideration

Se

D

discussion under G.2. Core Floodability
i. Jet Purp Flow Sensing Lines (Drawing 104R935, Sheet 2}
1) Purpose

70 provide a mechanism for measuring flow in each jet
purp.

2} Everv jet pump has an instrument line tzped into the

popsr end of the divruser.
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Ten lines (a1l lines for one recirculation loop) are fed
out of the vessel through & single penetration.

Other loop has identical configuretion.

5. Core Shroud (Figure 7 and Drawing 104R935)

a.

Purpose
1) Divides the downcomer flow from the core fiow.
2) Provides lateral support for the core plate and top guide

.and hence lateral support for the fuel bundles.

Note: Vertical support of the top guide, core plate and
all fuel is provided basically by the vessel bottom
head and vessel support skirt through the shroud.

Description
1) A 2" thick stainless steel cylindrical assembly welded

in tne field to the upper lip of the baffle piate (See

Jrawing 104R935, Sheet 1) extending up beyond the top

of the jet pumps and fuel.

2) Includes the core spray spargers

.
]
-4

Installed upon compietion of jet pump instellation

Closure Surtace

CRY

~n)
-

(¥Y)

‘pper surface is machined to orovige & leak tight fit
#ith the shroud nezc.
48 sets of lugs provided for securing shroud head to

tne shroud.

ziicnment brackets, each having 2 hoies, serve the
ollowing purposes.

-h M

Y

a} Inner Fole
Accrmodates short alionment pin on the shroud head
thereby assuring proper shroud head azimuth alignment
with the shroud prior to boltup.
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) Outer Hole

Provides a slip fit r

< restraint for the lower encd of
the two shroud head gu

stt

ide rods (See Drawing 104R935)

c) The upper end of the shroud head guide rod is secured
by a bracket welded to the side of the reactor vessel.-

d) The purpose of the shroud head guide rods is to aid
in guiding the shroud head into the proper place on
top of the shroud to assure proper boltup.

§. Core Spray Spargers (Figures 7 & 8)

d.

Purpose

To provide 2 redundant spray networks that will yield a spray
pattern covering the entire top of the core in the event of

a loss of coolant accident.

Description

-t
—

Consists of spergers with nozzies and the supply piping.

2) Spergers are permanently mounted inside the upoer part of
the shroud.

3} 2 elevations of spray heacers.

£} Each of the 2 eveltions will provide 100% of design Tlow
and spray coverage.

Tzch elevation consiste of Z individual Taocsectic

n
~ -

-3

iS.

facn sorzy hezcsr is secursd o the shrouc inner wall by
several brackets which weld only tc the shroud.

(82
- -

This lezves the piping free to contract when the Core
Py

ssstem injects ccld weter intc the hot reactor vessey curi
accident conditions.

wv
o)
-3

YY)
<

-1
N

The nozzle ancles are zlicned zuring crecoerationel tecsting
to assure proper spray pattern and are then tack weided in
place.

3) The supoly piping is arranced as shown on Figure 8 to accomrmo-
Azts mipinc corirzction curing injection of ccld water into

w

- -

I3
——e b,
"¢ nC v
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Core Plate f104RG35, Sheet T and Figure 9}

a.

C.

Purpose

.
L

2)

[TV ]
~—

4)

Provides vertical and lateral support for the 24
peripheral fuel bundles.

Provides lateral support for the control rod guides
tubes and hence lateral support for the fuel support
castings and fuel bundles.

lote: - Vertical support of &1l fuel except the peripheral

fuel bundles is provided by the fuel support castings,

.control rod guide tubes and the bottom head of the reactor

vessel.

Acts as a partition to force the majority of the moderator-

coolant up through the fuel bundies rather than outside
them.

Cescription

1)

Location .

Bol=ad to the lower shoulder of the shroud.

Consists of:

Thin Stainiess Steel Top Plate .
Stiffener Plate Members Beiow the Top Plete
Tie Pods to- Cross EBrace the Stiffener Hembers
185 Centrol Rod Guide Tube 4Holes
185 2iicnment ins for “ssuring Proper Control
Zod %uide Tuse and Fuel Supoert Lastiing Orie
2¢ Peripheral ruel Suoccrt Pieces
2% Incore Guice Tube Holes
72 Guicde Sleeves For SRM & IRM Incore Guide Tubes
‘note: These guide slzeves are only provicded 1o
provide continuity of the cross-tie rods
which happen to run through the SR and
IRM Tocations.)
14 Neutron Source Locetion Hoies
Bolts +o Hold the Core Plate to the Shroud

Installation
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Sequence
is instzlled in the field following shroud installation.

A -
AtICNLEnT

«)

Aligned using 4 alignment pads welded to step in core
shroud so that centers of the control rod guide tubes
are directly over the center of their respective con-
trol rod drive housing penetrations in the reactor
bottom head.

Guide {Drawing 104RS35 and Figure 10)

Purpose

1) Provides lateral support for the upper end of all fuel
bundles.

2) Provides lateral support for upper end of the neutron
monitoring instrument assemblies (<ource Range, Inter-
mediate Range znd Local Power Range Monitors).

3) Provides lateral support for upper end of the neutron

sources.

Jescription

i)

Ny
L

[F8 ]
N~

£
—

Box-1ike structure of stainless steel plate set in a
step at the top end of the shroud.

Fach centr
anc one ¢o0
i

e -
Tugl &

} hox opening zccormmodates £ fuel bundles
trol rod. {inis is the definition o7 &

LN : ﬂ)

re
e
o)

in
<

[N {)]

re z¢& ocenings near the outside, ezch of which
czte one of the 24 peripheral fuel bundles.

c
e

131 '-'

Shailow no:ches are cut in the tops of the cross
members. This was to accommodate poison curtains
which are no longer used.

Each nuciezr instrument assembly and source holder is
supported by & cutout on the bottom side of the core
plate &t the junction of the cross member (See

Ficure 10).
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Incore Housings and Guide Tubes (Drawing 102R935)

a. Definitions

Incore Housing: That portion starting at the weld (shown

on Drawing 104R935, Sheet 1, coordinates
D-27 and ending at the flange surface at
coordinates D-32.

Incore Guide That portion starting at the weld mentioned
Tube: above and terminating at the core plate.
b. Purpose:
1) 1Is an extension of the reactor vessel which provides

2)

for mounting of the incore nuclear instrumentation
(Source Range Monitors, Intermediate Range Monitors
and Local Power Range Monitors) and convenient bottom
leadout of their electrical cables and mechanical
drives.

To prevent jet pump flow (core flow) impingement cn
the nuclear instrumentation assemblies in the below
core plzte arez and thereby eliminate possible vibra-
tion damage to these assemblies.

c. Description

1)

Ny
S

(V)]
—

Housing and guide tube are 2" 0D stainless steel pipe.

Housing has bolting flange at bottom end.

fuice tube extends uoward and <ermingtes in 2 siip fit
in the core plate §.5" below the tco surface o7 ine core
plate.

Juantity:

23 for Locel Power Range Monitors (LPRM)
2 for Intermediate Range Honitors (IRM)
¢ for Source Pange Monitors (SRM)}

E5 Total

Assemblies are located in the water cap between fuel
cells {See Drewing 102RG3E}
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§) SPM and IRPM Dry Tubes and LPPM assemblies are loaded into
the guide tubes from the top of the reactor.

The nuclear instrumentation assembiies extend upward from
the core plate and are securec by the under side o7 the
top guide.

SRM and IRM detector are installed from below the vessel.

d. Installation

1) Incore housings and guide tubes are provided to the field
as separate units.

-Reason: There is inadequate clearance under the reactor
vessel to accommodate the overall length if they
were fabricated as a2 one piece unit.

2) Housings are aligned with their respective opening in the
core plate and welded directly to the reactor vessel bottom
head (See Drawing 104R935 for vessel penetration details).

* 3} Incore guide tubes are welded to the housings upon comple-
tion of installation of all incore housings and control
ro¢ drive housings.

24) CLross Bracing

30° box-like cross sracing is installed thereby tying ali
the incore guide tubes tocether (See Drawing 104R935)

Bracing is to eliminate vibra<ion of the guide tubes and
nuclezr instrumentation assembiies.

(81]

-~

Zociing Holes

C from ezch

1ing holes 1/2" diesmeter are driliec &t €0
sed by LPRM

)
=~ €00
othsr near the lower end of the guide tubes u
instr
Purpose: To provide 2 ccoling path for the nuclear instru-
mentétion assemblies.
10. Control Rod Drive Housings (Drawing 104R935)

&. Purpose
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[ ]
~——

Provides both vertical and lateral support for the drives.

w
L N

Transmits weight of the fuel, fuel support casting and
control rod drive quide tube to the reactor bottom head
Tor support.
b. Description

1) 14+ feet long, 5" ID stainless steel

2} Flange at Bottom is for:

&) Permanent attachment of the CRD hydraulic system
insert and withdraw lines.

b) Bolting of control rod drive mechanism.

3) Keyway at the flange end is provided for locking the
control rod drive thermal sleeve and preventing it
from rotating.

c. Installatien

1) Housings are reised into position from below the reactor
vessel.

2) ‘“ousings are oo;ic;lTy aligned through their respvective
core plate openings {(hence housing installation cannot
“begin until core plate is inst elled).

3} ‘welced to an Inconel Stub Tube
Stub tube allows easier welding &nd &licnment of the
~ousingce then would be pcssibie 17 housings were iC
ce welded to the reactor directly.

ZY Top surface of the housings are ail &t the same elevatvion.
1i. Controt 3od Guide Tube {Drawing 104RS3S and Figures 12, 13 and i%)
a. Purpose

1) To provide lateral support for the control rod blade
velecity limiter.

N
~—
~1

ll (3.4

ransm mit the weicht ¢f the “Tue
ngs 10 the rezCTCr DOLIC™ ne
iy

grise nousing.

1 and fuel support
zd vie the ¢o 1

)
0 O

(Y tn
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b. Sescription {Ficure 13)
i) 11" diameter by 13+ feet long thin wall cylinder

2) Top has four 3" diameter holes to pass the core flow
from the below core plate area into the fuel bundle.

3) Bottom end is machined to mate with the CRD housing.
c. Installaztion (Figure 14)
1) Guide tube is icwered through the core plate from above,

.aligned with the core plate alignment pin, and set on
its CRD housing.

2) CRD thermal sleeve is inserted upward into the CRD housing
from below the reactor, engaged with the guide tube and
rotated to lock the guide tube in place.

w
~—

£ kev is inserted in the lower end of the CRD housing to
oreven:t the thermal sleeve from rotating &nd releasing
the guide tube.

12. Crificec Fuel Support {Figure 15}

&. ~urpose

-

) Provide laterai zlignment for bottom end of fuel assemblies.

Z2) Transmit wei
down ¢ the

ote:

e
wn
3
o
or
(8]
n
"3
X
a-du
(4]
0.
(@)

[
ct
s
[14]
(g
(o]
-3
1]

*}  Thrcugh orifices. controi the amount o flow to each fuel
cundie.
5. Sescription (Figure 15)
v, & & Lobe Steiniess Steel Casting
2} Supseris 4 Fyel Sundles

3} Individual Orifices and Flow Paths for Tach Fuel 2undie

: 14 la 3 - “ypas ] bl
T S1ip fizs into Tne conirci rog guide tudes.
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2) Alignment deg fits over pin on core plate to assure that
orifices in fuel support are in 1ine with openings in the
control rod guide tube.

13. Assembled Drive Line

See Figure 16 for overall configuration of the completed installa-
tion.

14. Peripheral Fuel Support (Figure 17)
&. Purpose

1) Provide vertical and lateral support to the 24 individuail
peripheral fuel bundles that are not part of complete 4
bundle fuel cells.

2) To properly orifice the flow to the peripheral bundles.
b. Description

1) Body of support piece is permanently {ixed into the core
plate.

2) Separate removzbie orifice can be changed out with specieal
handling tool from the reactor flange area i7¥ necessary.

15. Orificing of Ficw Through Fuel Bundles
g. why Orifice .

-

) Assume & core that has no Tiew orificing.

2} In & EWR, as power is increzsed, the amount of boiiing
(two phase flow) within a fuel bundle increszses.

ling is necesser;

ole v For & higher power bundle {cne
cre boiling} tnan &

lower power bundle.

. '

s, ore c
~
b

witn

&) Peripheral bundle, for example, run at approximately
ha1f the power of the central region bundies.

[84]
S’

2s two ohase flow increzses within the higher power
bund?es, increased resistance to flow occurs.

:end <C rcrfvte ik

- -
) L
- A i - .
erzby tenst n’ T STérve Thg n

"his is precisely wnat you don't want tO heopen.
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6) By providing fiow orificing in the fuel supboort sieces,
the majority of the pressure crop across the core is
taken at the orifice.

7) The pressure drop across the orifice is large in compari-
son to the pressure drop in the fuel bundle itself and
consequently, any changes in two phase flow within indi-
vidual fuel bundies causes insignificant changes in flow
patterns between high and lower power Fuel bundles.

b. Flow Orificing (Figure 18)
1) The core is divided into 2 orificing zones.

Central Region
Peripheral Region .

2) The peripheral region consists of bundles near the outside
of the core that are supported on regular 4 bundle supports
as well as the individual peripheral fuel supports.

©2) Orifice Sizinag:
Central Region 2.3" diemeter
Peripheral Region
4 Bundle Support Orifices 1.4" diameter
Pericheral Support Orifices 3-3/4" diameter holes
Feedwater Sparcers (Drawing 104R935)
&. Purpose

Te sveniy <3
s

<ien Tums
1) Colc water does not impinge upon the reactor vessei wails
2) The core flow up through the core is properly mixed and
of consistent temperature.
b. Description (Drawing 104R935}

. 8]
ij Six -.£0” Spargers

™~

P—

- . - -t
Tach ks 2 therrel sleev
<2 -~y

<
TTI TrTQ Tre rgsclll
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Thermal sleeve is needed to prevent excessive thermel
stress in the feedwater nozzies which would occur if
cold feedwater.came into contact with the hot nozzle.

-~

3} Two rows of holes provide for even distribution of the-
cold feedwater throughout the annulus.

c. Installation

1) The thermal sleeves are slip fit into their respective
feedwater nozzles.

2) Both ends of each sparger are secured to brackets on
the reactor vessel wall.

3) Spargers are removeable anytime in plant life.

4) Because of sparger vibration problems, the sparger thermal
sleeve is often welded or presses fit into the reactor
vessel.

77. Standdby Licuid Control/Core Differentiec] Pressure Piping (Ficure 19)
a. Purpose

1) Inlet and distribution 1ins for scdium penteborate.

2) Provides for measurerent of above and below core plate
pressures and hence core differential pressure.

2) Provides for mezsurement cf jower plenum (below ccre
plete) pressure for use in jet pump Tlcw measuresrent.

L

Provicdes input to core sore
instrumentation.

b. ©Descriotion
1) A pipe within a pipe.

2) Inner pipe connecte¢ to the Standby Licuid Contrel Systen
and senses below core plate pressure,

2) The use of spray line breask detection, core cifierentiel
pressure and jet pump flow teps will be discussed in
detail in later lesson olzns.

- - -
NS 1eiiln

[ &)

i3 Permanently Insteiled
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Vessel Sottom Head Drain (Drawing 104RS35)

UrSose

Drain

Functions as a low point drain during construction flushing
of the reactor vessel.

Crud Removal

By being connected to the Cleanup System suction, & con-

-tinual outflow of water is maintained to remove crud from

WL uC TE

the bottom head area and prevent its buildup and resultant

radiation exposure problems to personnel in the below
vessel area.

Cold Water Stagnation Prevention

8y beina connected to the Cleanup System suction, & con-
-inual outfiow of water ic maintained to assure that ccid
water (from cooling water inflow from the control roc
drives) does not stratify in the bottom head area under
low core flow conditions.

Zny cold water zccurulatien in this area with the remaincer
cf *he reactor vessel hot would cool down the bottem head
grea.

when core flow is increased, sweeping out the cold water
end replacing it with hotier weazer, an uncontrolied heatu
accurs in the betscm head zrez ~hich cculd over stiress the
s-ub tube and rezcIor vessel sxirt welds.

Sottom Head Temperature MMezsurement

* - -
a7
L

. tnermocouple is tached o
1ine. 4all thickness of the 2" pipe is a small fracti
of the vessel wall thickness and & more accurate measu
men* of bottom head temperzture can be obtained then by
placing of thermocoupie on the vessel wall.

o the cutside of the Z" crain
Z ion
re-

oescription

e

e 1

reactor vessel beoticm haad.

I = re
-
v i -

c
C
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Jdescription

N
by,

|
~ o

(9]

[S11
~ -

consists of

Shroud Head

Stand Pipes

Steam Separators
Vibration Crossbracing
Tie Down Lugs

Tie Down Bolts

Bolt Support Rings

'2) Assembly has to be removed for refueling.

Installation

1) A strong back attaches to the 4 -1ifting eyes.

2) Lifzed by the reactor building overhead crene.

3) 2 guide rods 180° from each other securec¢ z: the upper

end by brackets welded to the vessel wall and et the
lower end by brackets on the upoer edge of the shroud
provide an easy method of remctely guiding the shroud

“head into piace during installation.

2 matino guide brackets on the shroud head (Figure 20}

fit over the apove 2 cuide rods. This assures that
the bolzs and both sets of lugs are properiy &iigned.

- . . .
The shroud head is ztizched ¢ the shreuc with iong
oy .

mol=s thet SCUEEIE ICCETRET TNE LJEGS On Lng shrouc
- s - ~e N

gnc shroud head (Figure Zij.

The 501t consists of the foilowing parts:

inconel Bolt -

Has a "T" hook at the bottom to fit under the lugs on
the shroud periphery.

Through use of the rotating dog at the top end, the bolt
czn be rcitated a nexirum ot 200,

Stzinless Steel Sleeve -
Lsecsaly Site over inconel boit. Twe uilToul lzrger
~izma-by wear shoulders on tne sieeve iccse Tit inte
“ne =20 circuler bolt cuice rincs on the shroud head
‘See Tigurs 20}. These cuile rircs srovice jaterel
SUSCCrT oniv
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Ecitom end has flat "T" sheped surface to mate with the
top of the lugs on the periphery of the shroud head.
This orovides the verticzi suoport for the bolt end ore-
vents the sleeve from rotating. :

Bottom end has a cut out slot that permits rotation of
the inconel bolt 90°.

Indent in bottom of cut away accepts pin on inconel bolt
and assures bolt is in position to slip between the shroud
luags when the shroud head is lowered.

- Tensioning Nut -

Threaded onto inconel boit.

Pushes downward on the stainless steel sleeve while at the
same time pulling up on the inconel bolt thus squeezing the
lugs on the shroud and shroud head together.

Yeeper llut -

Spring loaded in the upward direction.
Keyed into the stainless steel sleeve to prevent rotation.

Purpose is to prevent locsening of the tensioning nut
once it is tigntenec.

tco Hut -

is tzck welded in place once i
tne proper erount of Sac<ing ¢
necessary to nlace the inconel bolt
w.ed nositicen.
revents zccidental removai and aroppege of the tensionin
nut into the reactor vessel.

[I4]

Once the shroud head is set in place on the shroud,
shroud head boits are rotated 90° so that the 1ncone1 bo];
head will engace the shroud lugs.

Tensioning nuts are torocued to 50 f‘. 1bs. This promotes
cnt ¢ partial tensioning of the boit
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9) The balance of the tensioning is provided when the mcder-
ator heats up the bolt and sleeve during piant heat up.

1C) The stainless steel expands more than the inconel bolt

thus squeezing the shroud and shroud head lugs together
harder as the reactor temperature increases.

11) Partial tensioning through use of dis-similar metals is

used to make it easier and quicker to bolt down and remove
the shroud ‘head.

Precautions

"1) Since the shroud head bolts are tensioned only partially
when the vessel is cold, the recirculation pump cannot be
run at full speed during preoperational testing until
the moderator temperature is >140°F.

Otherwise the shroud head will partially 1ift off of the
shroud.

20. Steam Separators (Figure 22)

‘II. a.

Purpose

70 increzse steam quality from 10 - 13% &t core exit to at
least S0:. :

Description
1) Standpiope

LTENST

por

- PR Vi py S i P ‘e - e yn
-¢ stean - liguid mixture To The moisture SEIaratirs.

0~y
-
(V2]

gparaters

(4]
o

Zentrifugal Type Separator

Permanently Welded to Standpipes

o
—

(o)

Cross bracing promotes a rigid structure and prevents
vibration (See Ficure 20).

[0 8
——

Turning vene at inlet imparts a rotation to the in-
cering two chase fiuic.

M
~

“ore cense Yicuig iz thrown o tne cuzside by cenivi-
fuga? force forming 2 continuous well of water against
+the inside of ihe inner
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Three stages of separation return the liouid to the
dowrn-ocmer areaz znd on to the recirculstion pump and
jet pump suctions.

Steam qualities at rated power

Core Exit 10% - 13%
Separator Exit 95%

c. Hoisture Carryover

1)

2)

)
-

-Definition

That moisture exiting the steam separator at the top.
Problems with Moisture Carryover

Too much carryover to the steam dryers will overload them
with a resultant decrezse in steam quality exiting the
reactor vessel.

Moisture carryover is minimized in order to:

a) Increase Turbine Efficiency

b) Decrease Turbine Wear

¢) Hinimize Radioactivity Carried Over to the Bziznce
of Plant.

Jde+er Level Ef¥z2ct on Carrvover

a) If the weter level surrcunding the separators is 100
high, the weter in the sesarator tends to backuo with
vesultant moisture carrvover out the top of the
Sepgreior

b) MHote that on Figure 23, 2 very wide deviati
Jevel is possible before any significant cz
resuits.

on in water
rryover

-

¢. Steam Carryunder (Ficure 23)

1)



3)
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Where ileasured

At the outlet of the separators before the colder feedwater
is mixed into the separated liquid.

Origin of Steam Carryunder
Some steam carryunder is always present (See Figure 23).

Can become excessive due to running with the reactor water
level too low.

Problems with Excessive Steam Carryunder
a) Recirculation Pumps

(1) Steam bubbles in 11qu1d yield a lower density
fluid than would be the case if there were no
steam bubbles.

(2) A 0.2% weight percent steam carryunder means
~2% by volume.

(3) If the lower density fiuid reaches the recircula-
tion pumps, there is increased chance cf oump
cavitation.

(2) Moére pumping power will be required tc pump the
less dense fluid due to the nece=s=r11y .nbreased
fiuid velocities and resuitant {rictional line
losses.

lant tfficiency

v

5)

The plant operatns less efficient]
T‘F

y since steam thet
is carriec under i3 not sent o Tne

ne turdine.

¢) Core Considerations
(1) Core average void content wili increase slightly.

(2) Core pressure drop will be slightly increased due
tc higher two phase flow.

i~ \ < AT - -
RO Yinds un C:".

wote: These consideretions will be discussed in deteil
uncer Thermnsal derﬁ;]ics. The intent her 35
t3 zczueing the stufent with ihe concept effects
znd contrel oF ste:m cirryuncer.
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ure 24 and Drawing 104R935)
furpose

1) To dry the fluid coming out of the steam separators to
>99.9% quality.

2) To provide a seal between the wet steam area (steam
exiting the moisture separators) and the dry steem
flowing to the turbine.

Description (Figure 24)

1) One piece assembly with no moving parts except the
hold down mechanisms.

2) Upper section consists of Peerless type steam dryers
and moisture collecticn troughts and drain iines.

Upper section has sides "cut ewey" to permit siezm
Tlow +o the main steam lines.

By piecing main steam nozzles as shown rather than at
eo® sngies from each other, more steam dryer pznels
can =2 tuilt into the crjnr with a resuitznt lcwer
overa:l dryer pressure dros.

a) Lower.section consists of & seal skirt.

e}
(AR
J
-3
m
%
“y
L
tn
[11)
“1
[1)]
m
w
(1)
(&)
e,
3

in the *urbine

[
t“

&) Oocerates on centrifucal force.and gravity principles.

a3lrs

bj wWet stezm migiure rises freom the steer seper
tally through

tnrouch baffling, and is torced horizon
the dryer Dcnals.

‘orced to make a series of rapid

¢} The wet steam is
in direction uhiie traversinc the drver

chzrzes
Tire’s

g, Z.rinz tnese “raverses. moisture is thrown IC ine
pussice wnere it is czucht by tne many moisture
-ciieztion hooks
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Ory steam of 99.9% quality exits the top of the steam
dryer unit.

Removed moisture drops down into collecting troughs
and is routed to the outside of the dryer assembly
and into the downcomer annulus area by means of
drain pipes.

Installation (Figure 24 and Drawing 102R935)

fted by 4 eye bolts by use of a strong back and the
actor Building overhead crane.

Strong back is the same one that is used to install and

move the shroud head.

Proper azimuth alignment is provided by 2 dryer guide

ds 1800 from each other that are ettached %o brackets
1ded to the reactor vessel wall.

ots in the sides of the dryer mate with the guide rods.

Sryer is supported vertically in the reactor vessel cn

brackets welded to the reactor vessel wall.

(2]
~ -

he
1

Four

held down assemblies on the inside cf the vess
ac¢ prevent the dryer from 1ifting durine high ste
ow trensients.

a
]
a
=

-

i
-
|

Materizis Surveiilance Sampie Program (Figure 2€}

SuUrsCse

~o -wnitor the effect of fast neutron exposure {fluence) on
~he rechznical nrooerties of the reactor vessel steel.
vescription of Program and Hardware

ne
~\
Zy Su
10

- -,

Lag

7 Samples of

Charoy V-lotch 7

the vessel carbon steel parent metal, weid
ta] and weld heat affected zone metal are used.

fficient samples are placed in the reactor vessel
permit measurement of changes to the vessel mech-
nicel oroperties throuchout the 40 yezr vessel 1ite.

-
-

[1}]
(V4]

I -Ta
UsSecC:

=7 zest specirens

st Bers -
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(Nil-ductility transition
temperature is tnat terper-
ature below which low alloy
carbon steel fractures in a
brittie rather than in a
ductile manner.)

Tensile Specimens - for monitoring shifts in

tensile properties (yield"
strength and ductility)

* Flux Monitoring - To determine the fast flux
fluence received by the test

specimens and vessel metal.
Consists of iron, nickel
and copper dosimeter wires.

Specimens and flux monitors are sealed in leak tight
metel capsules having z dry helium atmosphere.

then placed in baskets.

5) The individual encapsulated specimens and dosimeters are

S1x baskets are hung on the reactor vessel wall opposite
the core mid-plzne where they will receive the highest

fast neutron exposure {See Figure

oy
g
] o—c

n zddition, there are three sets
ueters that are hung from the top
zccelerateg T&ST neutircn exoposure

. he

ile
S &
ang ies

Al o o
1TENRS Zrg renlee

.
ct (\

‘Jescel 4all Specirens

cent

¢ and
ed accordinc to the following schedule.

Decimens and dosi-
e in order t0 get

Q)Q_U,

*¢ & hot cell

Tor Guide Specimens

1, 2, 2, 8, 16 and 32 years
nstzlietieon

1) 4Wall Mounted Assemblies

1, 2 and & years

)

jo Ul

Basket assemblies are su5pended from brackets on
+he pezctor vessel weil in § different lccztions.

<

= _.zzer par: of nzsket is spring tozgec o heid the
asserbiv in place

£} ~ screw approximatsiy 1/2 way down the basket
zsserblv is zafusted to bezr ggainst the vessel
W11 o zseure Trit thave i no vibraticen in tne
Szeket 2ssemdiy
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Top Guide Mounted Assemblies '

Are hung from the top guide.

F. OTHER REACTOR VESSEL COMPONENTS AND RELATED COMPONENTS

1. Vessel Head and Closure (Figure 27)

a.

Vessel Flange

1)

2)

Heavy flange is welded to the cylindrical portion of the
reactor vessel.

92 studs screw into the vessel flange

Vessel Head and Flange

i)

~nN
~—

Hemispherical head fabricated in the same manner as the
bottom head.

Head flange has bored holes to permit slipping the heac
over the studs in the flange.

Inside surface of the head does not have a stainless steel

weld overlay (Eerlier plants cid heve overlay on the heads ).

S<uds, fluts ang Washers

1)

S+uds screw into & bushing in the vessel flange. (Bushincs
not used on later piants.)

(¢}
L

- - L~ e,
S & S&vsiy TeZSure.

-

ysning is provids

[s1}

in czse threads zre damaged, no repair work is recuirec on
the rezctor vessel perent materiai.

Castellated nuts are used to secure the head in place.
Sphericzl washers zre used tO assure that the force of

the nuts is evenly distributed on the top surface of the
head flange.

Flance Seal

-3

[5S]
—
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Keepers that screw into the head fliange hold the “0" rings
cnto the hezd for zazse of instzliation.

Note: Ruber "0" rings are generally used for cold vessel
hydrostatic teSts during construction since their cost is
only a fraction of the metallic "0" ring cost.

Stud Protectors ‘and Guide Caps

1)

2)

Aluminum "cans" are fitted over each stud prior to instaiia-
tion or removal of the head to protect the stud threads.

Three gquide caps are bolted to the tops of 3 stud protectors

at 1209 intervals to help guide the head into place during
installation.

Head Installation

1)

)
~—r

o
~—

t

This is a complex process and only the basics will be dis-
cussec here.

Following settina of the head, the stud protectors are
removed and the spher1ca1 washers and nuts are instaliled.

Measuring rods ere installed -in each stud.

The *erperature of the entire flange area is broucht to
greater than 1009F and stzbilized.

tud tensioning cdevices clem -0 cnto the threaded stuf ard
esr upon the tcp surfece of zhe head flange.

The studs are stirsiches & prescribed amount as measured by
z dizl micrcreter con top of the stud. (Stud stretiches,
reasuring rod coesn't.)

The nut is run cown to take up the.slack and the tensioner
is then backed off.

This tensioning operation has to be done twice 7or each
stud.

Once for the initial pass tc seat the "0" rings
Gnce for the “inzl tensicning
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10) #easuring rods are removed and top insert plugs are
. instalied to xeep out water and crud which coule affect
the accuracy of subsequent bolt elongation measurments.

11) Effects of Over and Undertensioning

- Undertensioning - will result in inadequately seating the
“0" rings and will permit leakage.

Overtensioning - will actually "rotate" the flange sur-
faces somewhat so that the outside
surfaces pull together and the inner
surfaces ("0" ring seal area) pull
apart resulting in leakage.

2. Vessel Insulation (Figures 28 and 29)
a. Purpose
To minimize the heat loss in the primery system.

. Description

1) Type of Insulation (Figure 28)
a) Pefiective insulation of layered stainless steel.
)

Fabricated in panels that are held together with
sned buckets.

(AN

rev g 28

11 Confi

(\l

'i

V

(_

]

uration (rizu
&) Teco nead insulation is fabriceted as a2 single unit.

o be removed in orcer o remove the reacior
1 head.

Mote: The cylindricail insulaticn around the top
head nozzles can be remcved separately io
permit disconnecting the piping attached
to these nozzles.

b) Insulation on the reactor vessel nozzies is removabie
-2 zermit zericdic in-carvice Jitrasonisc examinaticn
07 Tne noIzle welcs.

¢} on slants up throucn Cecper, tne insuiztion cn the
cyiincéricazi oart of the vessei is not remevable Tor
in cervice inspection 2§ tners is too i1ittie rocm
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between the biological shield and the vessel to permit
removai of the insuletion, inspection &nd re-instella-
tion of the insulation.

Plants built after Cooper have the capability for in-
service inspection of all vessel welds.

3. Biological Shield (Figures 3 and 30)
a. Purpose
1) - Reduce neutron and gamma radiation from the reactor to

a) Permit drywell access and maintenance with minimum
radiation exposure to personnel.

b) Extiend the, 1ife time of drywell components such as
cable insulation to the design 1ife of the plant
(prevents gamma radiation degredation of organic
compounds ).

c) Prevent neutron activation of components within the
drywell and the resultant radiation exposure tc per-
sonnel.

b. Description {Figure 3)
1) Basic Structure

a) Cylindrical structure of high censity concret

having vertical I bezr supcort columns and st

skins inside znd out,.

b) Supported off of the reactor pedistal.

[AN ]
~

“ozzie Access Openingcs (rigcure 30)

a) Access openings are provided around the nozzles to
per~it removal of the insulation for in service
inspection during outages.

b) Access Opening Components

1) Steel Gates - orovide germe shielding
-~ R e
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(2) Perma?1 Shielding - poly 1nprecnated p]ywood
nrovides neutron snigicding

Several layers, each layer
1" thick

Total depth ~1 ft.
&. Contrel Pod Srive Housing Support Metwork (Ficure 31)

a. Purpose

1) To prevent the rapid ejection of a control rod in the
unlikely event of a control rod drive housing failure
with the reactor at pressure.

2} Some typical Engineered Safeguards are:

t—ercency Core Cocling System
Szendby Cooiant Supply System
team Flow Restrictions

Control Rod Velocity Limiters
Control Rod Drive Housing Supports
Standby Liquid Control System

b. CZescriotion:

7} Support beams are founded on the inside of the concrete
reactor pedestal.

2’ Henzer rocs with sprinc weshers are sussenced Tror the
DEErs

z Tric ciamps, grid plates &nd support bars are holted
=C zne hancer rods to 'ertzcai support the tottom end
of ezch hous1nq anc drive.

e
.o

instailed to provide approximately & 1" gap between
covion o’ the drive &nd the support sieel when the
egct

Gap reduces to ~1/4" when the reactor is hot (CRD housings
expanded downward while vessel skirt expands upward. )

falls 7
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REACTOR VESSEL FLOWS AND CORE FLOODABILITY

1. Flow Paths and Flow Rates (Figure 32)

a.

Core Flow

Driving flow from jet pump risers

Driven flow from annular region into 63.3 x 10

1)

Total Core Flow

jet pumps

35.2 x 10° 1bs./hr.
6 1bs./hr.

Flows Out:

102.5 x 10° 1bs./hr.

Steam flow 13.38 x 10° 1bs./hr.
Flow to Cleanup System  0.13 x 10% 1bs./hr.
Total Flow Out 13.51 x 10° 1bs./hr.
Flows in:
Feedwatér Fiow 13.33 x 10° 1bs./hr.
Control Rod Drive System 0.05 x 106 1bs./hr.

combined cooling and
return water flows

(93]

Tezz21 Flew In 13.31 x 107 1ts

(81}

note: Recirculation driving flow not inclu
zbove figures.

2. Corz Floodability (Figure 33j

a2
[=1Y

Foniicability

Applicable to & loss of coolant accident.

The worst case 1loss of coolant eccident is &
culz+ion sucticn line brezk with the reactor

nives, STs2Cy TIETE.

=S -

./hr.

ded in

unccverec.
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This will be discussed in detail during the Emergency
Zore Cocling System presentaiions.

Design Features

1)

_2)

(8]
~—

~1
~——

o
.

119}

The Emergency Core Cooling Systems and the reactor vessel
design must be compatible so that following a loss of
coolant accident, the core can be adequately cooled.

There are several systems. that will provice water to the
reactor following a loss of coolant accident.

One'of these systems is the Low Pressure Coolant Injection
System (LPCI) mode of RHR.

For simplification, only the LPCI system will be discussed
here.

The LPCI system injects water into the reactor vessel
using the RHR oumps via both recirculation iniet lines
znd down the 2C jet pumps.

This flooding water then increzses the water level in the
reactor starting at the bottom of the vessel and werking
its way up into the core.

hen the water level reaches the top of the jet pump mixing
sections, water will begin spilling out into the downcomer
area and out cf the vessel through the broken recirculation

line.
-hiz elevation wnere wezer pecins 1o soill cut of the Jet
sumps 1S 2/3 of *he heicht of the active fuel.

Catculations show =hat if flooding of the rezctor vessel

is azccompiishec within a scecifies time frame and the level

-

maintained at the 2/3 point, the core will be adequateTg
cocled indefinitely and the integrity of the fuel cladding
maintained.

o

ir
-~

)

Lower 2/3 of the Core

Cocled because it is floodec with water.

Jigorous boiling in the icwer 2/2 of <he core providss
= mixture of steam and water which, uoon Tlowing
ucward coo:s the ucoer |

" A - .
r 173 o7 the core.
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Long term, (after fuel decay heat has decreased), there
will be less boiling in the lcwer Z;3 of the core to
provice the flow of steam and water to cool the upper
1/3 of the core. . .

Fuel clad temperature would increase with time. How-
ever, it would still remain acceptable under these
conditions. -

llote: Under the above assumed conditions, water would have _
to be continually made up to the vessel to accommodate for
the following cooling losses:

Boil off and,

Leakage through the jet pump diffuser to mixing section
slip joints in the amount of ~150 gpm. ’

Note: The zbove discussion serves to illustrate the princi-
~le of 2/3 core coverage. Under 311 loss of coolant acci-
dent concitions there will be more than one tmergency Core
Cooling Syster operating to reflood and cool the core.

The use of any of the Emergency Core Cooling Systems that
arovides water tc the reactor vessel will not only orovicde
“he minirur recuired 2/3 core coverage but will nrovide
comolete core coverage.

S WITH OTHEZ SYSTEMS (Figures 1 and 5)

ressure, temperature and Tiow sensed from

Too Fead hozzie
ru-ent LOoZVES
vy Liouid Controi/Core Differential Fressure iLines
wo ~low Lines
cousie Pzcs and 2ottom Head Drain Lire

Rod Drive System

rod drives are mounted on CRD housings.

Sesurn throucnh nozzle on side of vessel.
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and vessel flooding.
Main Steam System
Provides steam to drive the main turbine.
Also ﬁrovides gver pressure protection for ithe reactor vessel.
Auto Depressurization System
An eﬁergency.core cooling system which functions through the
pressure relief valves on the main steam lines tO blow down

the vessel pressure under certain emergency conditions.

Feedwater Syster

L.

Provices hich purity mekeup weter -0 the reacicr 1o replace stear
sent O The Turcine.
Hign Sressurs ~cohant Injection System {upCl;

a. Srovides water <0 +he reactor vessel ic cocl the core in the
sniikeiy event of & 1¢ss of coolznt accicent.

5. zeive osower is stean sror one of the wzin steanm 1ines wnich
crives a toroine.

- - - - - - e = - = - -
c. wL&=er entevs NE rezCTOr Vié hE Teelwile’

- - -ygm . - -7 Tal.pn
Erayvices for 1ow oressure spraying 5F the ccre °h “re unliKkety
cser= o< z Lgss o7 TCCIENT zccigent.

- - ~ - N - - ® m g a o - -
yr . icee forces circuiauion O ~ne reacTor C2CIENRT 0 YiEIC rnigner
T . A

- - s - 1 - --—pr = N P

rezcTor Sower outout than would be possibig uncey netural civeL.s

- PRSP

-igrn CongutIInE.

Lo du AL PO a1 -

SezCtoT WaIEY - 23NUD Syster

H T,wemzgz C:oTT —zipozin Tre tEEITIv LI T z= afon o TuvtTy TC
-; cerric ozezining e@TEY Ser- =rg L288EL LT OTEINIETT DRt
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b. Suction tekaen from recirculation loop suction iine and bettom
"f'

-y - ' - Tacfan S s
¢. “etuvns T-rcuch the Teecwalsr iines.

Shutdown Cooling Mode .of RHR

a. Provides for the removal of decay heat from the fuel during
normal plant shutdown. . :

b. Suction taken from the "A" recirculation loop suction piping.
c. Returns through both recirculation loop discharge piping.
Low Pressure Coolant Injection System (LPCI) Mode of RHR

a. Provides fiooding water to the reactor via the recirculation
discharce piping to cool the core in the event of a loss of
cocolant accident. -

Standby Licuic Control System {(SBLC}

Used to inject neutron absorting sodium pentaborate solution into
the reactor € shut it down in the unlikely event of Taiiure o7
+the Control 2od Jrive and/or Peactor Protection Systems.

Neutron Monizcring Systems
2. Zonsists of:

Scurze Fznge Monitoring Sysiem (SPM)
inter-ecizte Rance Monitoring Swster (IR,
€2 FTuEY RENRCE

se S - -~ - - ! X
Merizoring Systenr (LPRY

es “or rmonitoring of reactor oowsr uncer 211 mcdes of
ic

A svster of sensors and relays which scrams the reactor uocn
receist of ciznzle whizn represent peotentially unsate ccneiTicns
to the rezcior.



a. Lim

itation

The reactor coolant sysitem pressure shell not exceed 1225

reactor.

psig at any time when irradiated fuel is present in the

Note: The reactor coolant system refers to everything attached
to the reactor vessel and extending out to the isolation valves.

. here teasured

In the vessel steam space (dome)

c. Basis for Limitations

1)

[a%]
—

Based upon the more restrictive allowable pressures for

Reactor Vessel and
Piping and Related Equipment

Piping Limits
a) Desian

Suction - 1148 psig
Discharge - 1326 psig

b) Piping code allows & 20% overpressure during transients

or:
1207 x 1148 = 137¢ psic
1207 x 1325 = 1391 psic

Rezctor Vessel Limits
a) DJesigned to 1250 psic

b) Boiler code allows a 107 overpressure during transients
or,

110% x 1250 =.1375 psig

1375 psig vs. 1325 psig

- - - PR N

2} 7= ryst be zscured thzt ~ire rezcor coclant

csste~ 33 Full oF weTer wnSn The GVErIvEsSsJve Irin-
$ient occurs
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b) Pressure is highest in the reactor coolant system
at the lowest point in the system.

c) Even though this low point in the system is the
Recirculation System suction piping, it is assumed
for conservation that the more stringent reactor
vessel limitations apply.

d) §ince pressure is measured in the steam spa;e, cqﬁF
nection for this static head of water (-.50 psig)
must be applied.

-This is the reason for not exceeding 1325 psig as
indicated on Control Room instrumentation.

Reactor Vessel is Protected from Overpressure
Through proper operation of the reactor

Through reiief and safety valves on main steam lines
during abnormal conditions.

Through the Reactor Protection System which will screm
"the plant upon receipt of signals which indicate pcten-
tially unsefe conditions.

Limitations
itations N

The averazge rate of resctor coolent temperatu
durine normel heaiup cr cocicown shall not ex
when averaged over a one heur pericd.

ro Measured

foliowing wili be permanently recorded:

g
ctor Bottom Drain Temperziure

ctor Vessel Shell Adjacent to Shell Fiange
irculation Loops A & B

c

3
15
€
e
e
eactor Yessel Bottom Head Temperature

-
c
C
a

< = 12 - -
IS oY Lanh I-I:'\s

[}

S
-
.0G

1

JInr

ezm Dome Pressure (Converied to Upper Vessel Temperature)
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a) Provides for efficient but safe plant operaticn.

b) When maintained, it assures that siresses caused
by thermal transients are within those analyzed.

3. Pressurization Temperature (Figures 34 and 35)
a. Purpose of Limitations-

To specify the minimum tempefature fer a given reactor pres-
sure for the following mcdes of operation:

Ih-Service Pressure Testing
Subcritical Heatup and Cooldown
Operations with the Core Critical

b. Limitations

1) During 211 operztions with a critical core, other than
for low level physics tests, except when the vessei is
vented, the rezctor vessel shell and fluid temperatures
shall be at or above the temperature of curve =2 of
figure 34 (Figure 3.6-1 in Tech. Specs.).

"~
~—

During he&zup by non-nuclear means, except when the
vesse] is venisd, cooldown following nuclear shutdown
on low-level physics tests, the reactor vessel temoer-
atures shall be at or above the temperatures o7 curve
2 of figure 3.

)
.-

The reactor vessel sheil “emperatures during inservice
qycrostaic or lsak testing shell be 2t or zpove ThE
temoeratures snown on curve =1 of figure 24.

This curve o0 te modiTied by the increzse in temperature

recuired by neutron expesure &s shown in Ficure Z2

(Figure 3.6-2 in Tech. Specs.).

I»
~—

The rezctor vessel head boiting studs shall nct ke under
tension uniess the temperature of the vessel head Tiange
and the head is greater than 100°F.

c. 3asis for Limiations

Y Zpizle frzcsure in rezcter vessel meteriels
2} 215 ferritic sisels incliuding diéin czraon stee’s
enc low ai.cy steeic can break in & britlle menner
2= ow semcerztures, *ypically below -i0CF.
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b)

c)

d)
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The low alloy steel used in the construction of the
rezctor vessel falis into tnis catesgory.

Under unusual circumstances, the temperature at which
brittle fracture occurs for the reactor vessel steel
can be within the temperature range over which the
reactor can be expected to operate. .

Austenitic stainless steel alloys used in reactor
components, such as the shroud, shroud head, etc.,
can break in a brittle manner at temperatures in

.the -2000F. to -300°F. range.

This temperature range is well below any that the
vessel will see.
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BWR SYSTEMS
LESSON PLAN

REACTOR VESSEL PROCESS INSTRUMENTATION

B. REFERENCES

1.

(=]

~J4

(52 BN = S 5% R AN

.. Card File Index - Chapter 2.2

BWR Systems Manual Chapters 2.2 and 3.2

GEK 32555 - Nuclear Boiler System (Brown's Ferry)
GEK 32556 - Reactor Protection System (Brown's Ferry)
GEK 32550 - Feedwater Control System (Brown's Ferry)

GEK 779 - Volume V - Instruction Manuals for Vendor Supplied
Equipment .

A}

Final Safety Analysis Report - Brown's Ferry Nuclear Plant f

" C. OBJECTIVES

o 3

(V]

[ 1) (81}

[}
(%)

-l

Fully understand the purpose of the system and its desian
objectives.

Know the types and ranges of instruments comprising the
Reactor Yessel Instrument System.

" Learn 211 setpoints and trip functions associated with the various

Tnstruments.
.

nd tvis

[31)

+he unceriying reasons osepind these £2ip0inis
K
]

Lezrn the Technical Specifications pertaining to the systenm.

Jecome femiliar with control room reeccuts.

IHERPAL CESCRIPTIOH

o4

Desian Tasis

&. Provide the operatcr with sufficient informaticn in the con-
+rol roem to protect the vessel from uncue stresses.
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® L.

b. Frovide information which can be used to assure that th )
reactor core remains covered with water and that the separators
gare not flcoced. )

c. Provide automatic, redundant, reliable inputs to the Reactor
Protection System (RPS) to shut the reactor down when fuel
damage limits are approached.

d. Provide automatic initiation of the Emergency Core Cooling
System (ECCS) and the Primary Containment Isolation System
when safe operational parameters are grossly exceeded.

e. Provide.a method of detecting leakage from the reactor vessel
head flange seal.

2. Processes measured include:
a. Vessel Level
b. Vessel Pressure
. c. Vessel Temperature
d. Jet-Pump and Core Flow

e. Vessel Flznge Seal Leakage

COMPONENT DESCRIPTION |

i Vessel Level Instrumentation

.

icure 1.

n

P Ly
esinitions !

31
1)

-t
~

Dezctor Vessel Zero

Reactor pressure vessel bottom head invert {the

a) Res
ton of the bettom head)

-h

b} Provides reference JoOr all incore compcnents and

vessel nozzle taos
2} nstrument Zero

&) 528" above vessel zerc

- =z P T e T2y
irces of Lavel incicztion (figure O)
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Normal Control Range

AY

a)
b)
c)

d)

e)

0 - 60" span covering normal operating range.
Referenced to instrument zero.

GEMAC Instruments (3) used by Feedwater Con£r01 System
(1) Temperature Compensated by a Pressure Signal

(2) Most accurate level indication available to the
operator

Yarway Instruments used for Trip Functions (later)
(1) Not Temperature Compensated
{2) Calibrated for Normal Operating Reactor Pressure

(3) Used for trip functions because a Yarway Instrument
does not require electrical power Tor indication.

3 control room incdicators and one recorder monitor this
range of level indication - all Feedwater Control
System Instruments

Emergency Systen Range

2)

(&
~e

m
.

-155" to 60" span covering normal operating range and
down to the lower instrument nozzle.

“eferenced t0 instrurent Zzere

Temperature compensatec via heat ciamps belween
reference and verizdie leg.

¢3

trurentzzion.

Czlizrated for normel cperating reactor pressure

Two control room ingicators monitor this range of
level indicetion
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by Referenced to instrument zero.
e} Nt temo Jre compensatic

(1) Calibrated for cold (<212° F., 0 psic) moderator
temperature. A calibration curve must be used
at other than zero psig to find actuai level.

d) Provides level indication during vessel flooding on
cooldown. ) .

(1) No trips or alarms associated with this range.

e) One control room indicator mon1tors this range of
level indication

Post Accident Flooding Range

a) -100" to +200" span covering active core area and
overiappinc the lower portion of the tmergency
Systems Range

b) Instrument zerc for this instrument is 38C" above
vessel zero, which is the top of the active fuel.

¢} o Temperature Compensaticn

(1) 1iIntended for use only under acc’deng conditions

with reactor &t O psig and recirc cumps tripped.

{2\ Verizbie leg tap is from diffuser ¢F jet oumbs
T zncé 5 for 11 zrnd 18). Flow *thvouzh tne Jet
curp interferes witn tne varizole “eg signel
rendering instrument indication inzccurate.

d) Orevides indicztion during and efter & toss of
¢ooiznt accicent. it a]so prov*‘es g sicnegl o
ip=ericck =he Ccniazinment Cocling Moce of the
Sesidual heat Removal Svstem (RHR}.

1} Prevents using the RHR Sysiem for zontainment
depressurizetion when it 4s neecz¢ o fiocd
tne core region.

2 The 2" tg 100" nortion of this ringe 3 recorcec
ie =mz osgrTro) roCT Al TeC SnCiCETIYE TInGLIr TTs
“ult. rEnge CT Lnese IrsIruTents.
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Level Instrumentation and Piping Layout (Figure 3)*

1)

2)

>l -
=

ng

e

snutSsan.

Condensate Chambers

a) Piping run is uphill from vessel to chamber.
(1) Allows excess chamber condensation to overflow

back to reactor vessel.

b) tormal Control and Post-Accident Flooding Ranges

‘share a common condensing chamber.
.c) Piping runs are insulated and as short as practical.
d) Condensate chambers are unlagged.
Yarway Column kFigure 4)

2) Provides phjsica1 temperature compensation.  Compensea-
tion required since external reference leg is colder
(denser) than internal variable leg (at operating
pressure).

(1) Steam condensing in the condensate chamber

. keeps the reference leg full.

(2) Piping is run downhill into condensate chamber
to ensure adeauate condensate in the chamber.

(2) Excess condensation overflows into :the varizbie
leg.

(¢) A natural circulztion effect keeps variable leg
condensate recirculating back into the vessel.

{2) Fs e result. the varizble leg is kept not
{-.500%7.).

{6) Hezt transfer clamps maintain reference iec
temperature at ~ZS00F.

AR . .

b} Auxiliary Chember Operation
1Y HNormeily full of cool {<130%F.) waezer.

(27 In the event ¢7 3 rezzid cecrsase in rescicr
pressure, concensate charber mav cegin o
Tizsh, cdecrezsing reference ‘eg height.

anls helf ¢ +re Tevel insirurments ‘wizh the excesticn

essel Tloccing rance of wnich tnere i3 only one instrum
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(5)
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As the condensate level drops uncovering the |
auxiliary chamber part, cool water flows into
the condensate chamber:

(a) Quenching the Flashing Action
(b) Restoring the Reference Leg Level

The equalizing tube allows steam to flow back
into the auxiliary chamber where it condenses.

Without this action, the reference leg height
would decrease, giving the appearance of an
increase in actual vessel level.

Note: The other condensate chambers do not
need the auxiliary chamber since they
operate at a much lower temperature
(<1509F.).

d. Level Instrument Functions

Type

Normal Centrol

range

Setpoint(s)
(Indicated)

Indicated

Range Function

0" to 60" HA Provides level
inputs tO tne
Feedwater Level
Control System
Trice
Jursine

-3a" 1}

N
zin
-

2} Trins Reactor

reed FPumps™

W
—
-1
-5
-l
n T
s

tion

Trips Fesz
Core Isol
Cociing S

iy
ursTns

(&)
~ -
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Indicated Setpoint(s)

Tvge __Range {Indiceted) Function
+39" High Level Alarm* -
+33" Normal Operating
Level
+27" 1) Low Level Alarm*:
2) In-conjunction
with RFP Trip,
initiates Recir-
culation Pump
Runback.*
10" 1) Reactor Scram
2) Containment
isolations
+18 1) Permissive to
futomatic Depres-
surizations System
4) Stert Stanchy Sas
Treatment System
Tmergency -183" to -51.8" 1) Initiates the High
Sys<tems Range -g0" Pressure Coolant
Injection Svstem
(RPCI)
2} Initiates the

th
Reactor Core
Isoclaticn Co
System (RCIC
3) Main Steam Line
Isoletion

4) Recirculation ®urp
Trip

-1y

seowater Level Control Sysiem
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Indicated Setpoint(s)

Type Range (Indicated) Functicn
Emergency
Systems Range -143.5" 1) Initiate Core
Spray

2) Initiate Residual
Heat Removal -
Low Pressure
Coolant Injection
Mode

3) Permissive to
Automatic Depres-
surization System

4) Start Diesel

Generators
Shutdown, 0" to +4£00" Hone Level indicaticn during
Vessel vessel fliooding
Flooding
Range
Post Accident -100" to -3¢" Pevents inacvertent
Flooding Range +200" operztion of contain-
ment cocling during
. accident conditions.
1) Hote that the level setpoints zt =10", -51.3" &nd -343.5"
zre commenly referred to as lcw, low-low and oW ioW-10W
g

!

4

-

er level respectively.
e. Level trip ssttings were chosen fcr the following rezsons:
lotz: 211 jevels shown &re inciceted leveis.

1) Main Turbine, Reactcr Feed Pump Turbine, High Pressure
Cooiznt Injection Turbine and Reactor Core Isolation

A

Cooiing Turbine Trip at +34&".

2) +5&" level is point &bove which moisture carrvover
becomes much more prenounced. rbine blacdinc may

u 3
re dzrzoed 17 operztion continued zdove This ieved

! - w bl - S e .



2)

3)

(S 1]

P

b)

In addition, tripping all but the main turbine prevents
feedwater from overflawing into main steam lines curing
cressurizec operation. Water "slucs" in steam line may
cause hydraulic pressure surges which may 1ift safety/
relief and/or safety velves.

High Level Alarm at +39"

a)
b)

.Low

a)
b)

Defines upper end of normal operating region.

If level is <+39", transients such as a recirculation
pump trip will not cause level to increase to turbine
trip point (+54").

Level Alarm at +27"

Defines lower end of normal operating region.

If level is >+27", transients such as a reactor feed
pump trip from full power will not cause level to

decrease to reactor scram point (+10") with a runback
of the recirculation pumps.

Reactosr Scram &t +10"

a)

b)

c)

fr

Cont

3
/

o

Assures the reactor will not be operated without suf-
ficient water above the reactor core.

In conjunction with the containment isolation signal
of +10", prevents fuel cladding perforation.

Frevents operation with separator skirts uncovered.
Cerryunder could result with:

‘1Y Reduces care inist subcocling
{2} Peduces jet pump and recirculztion pump net
pcsitive suction head.

-h

Sz+ low enough 0 prevent spurious operztion
rormal operating transients

cr

zinment Isolations zt <10

In conjunction with the reactor scram setting [+18"),
ini<iates closure of certain primary system isclation
valves to 1imit inventorv loss and prevent fuel chad-

- - - - - N -~ -y en s e
Sep meySavztions g VEISESE OT £NCESETVE CUERTILTES
- - . - - -- - Y -~ - - ...',,.:
o< vzeinzcsive procucliio S0 tne ernvicgnmert. SIErITRG
g, SoLiT T :
STETS estzhiishes seconcary contginmnent
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HPCI and RCIC System 1nitiation at =315

a} HPCI initiates at 3J 5" is setr to zllow adequate
core ccoling for sm-1] 11ne breaks.

5) RCIC initiation &t -4] 5" {s set to provide

adequate cooling under 1oss of fTeedwater flow

and/or main steam isolation conditions.

L0
-5 X

Main Steamline Isolation at -31.5"

a) Initiates closure of Group I isolation valves to
prevent excessive release of radioactive products
to the environment and loss of vessel inventery.

..slS'

Rec1rcu1at1on Pump Trip at -31.5"

a) Prevents operation of recircuiation pumps without
adequate net positive suction head.

Diesel Generator Start Signal at -143.5"

a) Starts Diesels so that they are alreedy up to proper
speed and voltage in the event of & subsequent loss
of normal power.

(1) If normal power was aiready lost, Diesels will
start and automatically close onto the emergency
buses when they reach prcper speed and voitage.

Emergency Core Cooling System (ECCS} Initiation Signal
at -143.5"°

\
/

[¢1]

Set low enough %o prevent sourious ooeration

5} Set high enough te &3 cw time o zciivzte the Gow
pressure ECCS so tha» no fuel melting wiil occur.
Long term cooling will be possible witn no Tuel

reltdown.

2/3 Core Covered Permissive Interiogy &t -38"

a) Allows Residual Heezt Removel (RHR} Svs<em {0 be usec
for containment Sprey

b) If core has been refiood tc at least 2/3 core height,
sufficient water is availeble to keep core cool. The
uroer 1/2 oF the core wi1l se cooled v Tlashing
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Steam Flow Effect on Reactor Water Level (Figure 5)

5)

6)

-

2\
~ !

Steam flowing through the dryers is forced to chance
direction several times, resulting in a pressure drop
across the dryers.

At 100% steam flow, the pressure drop is ~7" of water.

Therefore, at 100% steam flow, P.l is 7" of water less
than PZ‘

The level outside the dryer skirt (downcomer region)}
is 7" higher than inside the skirt.

. Since the vessel level instruments compare the reference

column height to the downcomer (variable column) height,
setpoints are adjusted to compensate for this error.

The water level inside the dryer skirt is slightly dome
shaped.

a) Moisture separator drains must flow to the outside
(downcomer) region to return to the core.

b} In order for drains from the interior separators
to flow outward, & hydraulic aradient is reauired.

¢) At 100% power, the "top" of the dome is ~4" higher
+han the "outside", providing the hydraulic gredient.

Note: The degree of hydraulic gradient is varieble,
ranging from 0" at 0% power to 4" at 100% power.

ingie cverall reactor differential pressure insirurent
5 utilizes the level pining.

Rance 0 - E0=

Used to evaluate jet pump performance during initiel
startus testing.

o operational significance.

Rezctor Pressure Instrumentziion and Piping Arrangement {Figure 6)

a.

o
il

lizes same piping as vessel level instrumentation
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b. Control Room Indications (Panel 9-5)

-nstrunent Tyoe Indication
Harrow Range Recorder 650 - 105- psig
reactor Pressure

Reactor Pressure 3 Indicators 0 - 1200 psig
Wide Range Recorder 0 - 1500 psig

- Reactor Pressure*

c¢. Pressure Instrument Functions

Type Setpoint(s) Function
Pressure Switches (4) 230 Psig Signal Recirculation

Discharge Valves to Close
for Residual Heat Removal
Logic

Pressure Switches (2) 450 psig 1) Permissive for cpening
core spray and Residual
Heat Removal admission

. ’ valves. '

2) In conjunction with
high drywell pressure
(+2 psig) initiates
core spray and Low
- . Pressure Coclart
. Injection

(RS ]
(&) )
o
(e}
(@]
tn
-t
@}

tressure Switcnes 25"10Prs the Mechznice:

i
Yacuum Purps if ZezcTor
?ressure >600 psig &nc
condenser vacuum >22"
Hg.
pressure Pecorcer 1020 ¢sig Rezctor High Pressure Alarm”
svessure Switches {&) 1055 psig rezctor Scram Sicne
=Tunctions irom FYCS Pressure Recorder
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Pressure Switches
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>
o

Pressure Switches (4)

Pressure Indicating
Transmitters
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Setpoint(s)

Function

1035 psig

1120 psig

0 - 1500
psig

Autoratically bypasses main
condenser lo~ vacuum or main
steam isolation valve
ciosure (oniy if the Mode
selector switch is not in
Run).

Initiates Recirculation Pump
Trip for Anticipated Tran--
sient Without Scram

Provide temperature compensa-
tion for vessel level signal
(Feedwater Control System)

Pressure switch settings were chosen for the fo110w1ng reasons:

1) 230 psig

2} Recirculation Discharge Valves close on Loss of Coolant
Accident for RHR Logic, ensures RHR Injection into
Peactor Vessel

2} 450 psig

a) Permissive for RHR and Core Spray £CCS Logic and
operation. Low pressure systems will not inject
above this pressure even if valves were ooen 2and
pumps were running.

3) 600 psic

gy Cee
when not needed t
pra
rejeased.

(&)

nox giiow OuE"'“‘Oﬂ T

s Yechanicel Vecuum Pump
n méintain condenser vacuun &t
ssures where signiflcant radioactivity could be
e

a), Alert operztor of impending high pressure condition.

5) 1055 psig

a) Reactor scram at this pressure prevents possible
Lne Nuclear Stezm Suoply System pres-

violation of

. a Lo,
SUre szTely

-

-
H

- S

.i -
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b) Reactor scram, in conjunction with relief and/or
safety valve operation, 1imits pressure transient
experienced during a turbine trip &t high power
conditions.

6) 1055 psig

a) Startup testing on KRB revealed possible core insta-
bilities during operation at >600 psig and main
steam isolation valves closed. S

b) 'Recent tests indicate this interlock may be unnecessary,

setpoint has been raised to allew Hot Standby Operation
(subcritical, MSIY's ‘closed) at normal operating
pressure.

7) 1120 psig

a) Trips recirculation pumps, in the event the RPS scram
function fails, tripping these pumps will reduce core
power to within the safety and safety relief valve
capacity.

Yessel Temperature Instruments

o

(g}

Provides indication of vessel shell, flange and support skirt
temperatures.

£17ows operztor determination of temperature gradients and
the resuiting stresses.

Such monitoring is especizlly important during heatup, coolgown

and trensien® conditions.

AZ e
-0 \—Ol—
("

cer-
gn¢ steimi

ess steel cladding are positionec on vessel.

1} Thermocouple Pad Locations (Figure 7)

W

a2, Vessel

upporz Skirt

1)

-

b} ‘Vessel Head Stud Boit

|
[o1]

¢} Vessel Flange

d) Feedwater Hozzle (3)

censzntan thermocouples with brzided gless insuietion
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(4]

e) Vessel Shell (Above and Below Normal Water Level)
f) Above Vessel-to-Skirt Junction
g) Vessel-to-Skirt Joint
h) Bottom Head
i) Vessel Drain Line to Cleanup System
j) Vessel Flange-to-Shell aT
2) 32 additional thermocouples are installed on the vessel
and hooked up to the junction box but do not readcut
in the control room.
3) Thermocouple Installation
a) Most consist of two adjecent pads welded onto the
vessel during fabrication (Figure 8).
(1) One pad has a thermotouple sheath clamping
screvi.
(2) The other holds the hot junction of the
thermocouple against the vessel surface.
b) Thermocouples measuring the vessel head and heac
flange arees are magnetically clamped.
11} Eesily removed durinc vessel hezd removal.
{2) Can be positioned for optimum temperature
measurement. .
c) Ancther thermocounle is inserted into & drillec cut

vessel nead bolt.

The vessel shell-to-flange 1T is reasured to limit thermeal
stress on the shell-to-fiange weld.

1} The flange is very massive and changes temperature slower
than the sheli.

(3]

~n -9 - . - PN e - L en - - - -
L2g22) shet ] neatys and COCOGTwWNn rETE 1AMITETIONS Ere oTin
-ende

[ SN R ¢% of

- -

2urs and Cecre Flow Instruments

ST e - 4 - FS b} - b - - 'S

>"znt nower Autout is oroporticnel to the zbility to.remcve
“rz mgzew =grervztss fcore Slcw, . rFofurzie TiCw meisoreTEnis
a g - LY oY= - >y = e ) % -

grs recuived 10 evelusTE YRaCLor pLWer leved .
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Since the total flow of coolant must nass throucn the jet

sumps to reach the core inlet plenum, flow is measured in
each jet pump and summed to yield total flow.

Each jet pump has a pressure tap on the pump throat. This
pressure is compared to the core inlet plenum pressure to

nrodece a differential pressure signal proportional to
flou.

1)} Core inlet plenum-pressure is essentially jet pump
discharge pressure. :

2) Individual jet pump differential pressures are indiéated

in the control room.

The square root of the differential pressure is a signal
representing flow. : ) ’

Core Flow Measurement (Figure )

1} Flow for jet pumps 1 through 5, 6 through 10, 11 through
15 and 16 through 20 are summed.

2} Sumned fiows for 1 through 5 and 6 through 10 are again
summed to give "A" recirculation system jet pump flows;
and similarly 11 through 15 and 16 through 20 to give
“B" Joop flows.

3) These loop.flows are summed to give total core Tlow.

In *he event one recirculztion oump is secured, thet
loocs jet pumps will hzve reverse flow, end the inaciive

joce's flow,ts Tive & ~—ore sccureie core Tlow indication. .

5% Totzi core flow is recorded in the control room.
fuily Instrumented Jet Pumps

7} Four jet pumps were calibrzted &t 2 test facility aend
then installed, one per queadrant.

Z) The cther 16 jet pumps were then caiibrated against them.

3} The fully instrumented jet pumps have additional pressure
taps.

-
i

(1A

urp Inries

]

-~
-

{

Sn Tne
-

5} Cne on the pump divuser

=, Figw indicsz

<0

ot
o ]
-
w
(RN
-t
wn
T
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o

Jet pumps 1, 6, 11 and 16 are Tully instrumented.

(8]
—

“he lower taps on the instrumented jet oumps also ocrovide
the variable lag signal o the post accident Tlooding
ievel indication.

g. &pnormal differences in flow indications between jet pumps
may be indicative of an inoperative jet pump. Refer tc the
Recirculation System Lesson Plan for more information.

h. Core Plate Differential Pressure

1) Compares standby liaquid control injection 1ine‘pressure
(below core plate) to above core plate pressure.

2) -May be used to determine long term trends in the indicated
core flow and core plate differential pressure relationship.

Vessel Head Flange Leak Detection (Figure 10)

a. Detects leakage from the inside of the reactor vessel past the
inner seal ring. ‘ )

b. The detection line is connected tc & drilled passace in the
vessel Tlange. ’

c. Any inner seal leakage is piped tc z collection chamber installed
between 2 air operated valves.

L
(k]

I level switch detects accumulation of water in the charber.

. e. A pressure switch detects abnormally high pressure in the

collection piping.

¢. Piacing the switch in the drain position energizes both contro?
vzlves. reversing the position of the isolation valves.
1 This blocks the lezkage and drzins the detection circuit
+0 the Drywell Equipment Drain Sump.
h. =Return the switch to Normal.
i. The leakage rate may be determined by timing the perioc reqguired
+0 activate the level alarm again.

Y-
-

h

r=c: 3T giwenely peccorends thzt crerzticn oF The coiEciTIn
craraer 1sclzTison veives be zvoices Once 1£2xEgs tRrouch
the first sezl is detected. OCperating experience hes
shown that the zmount of steam ieakace past the Tirst
cez] increzses aTier ezch cperation of the collecticn
cnarber €311 anc drain valves wrnich will wire craw Tlance
seziing surTace :
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j. Failure of both flange seals is detected by the primary
containment lezk detection system.

k. Hote that it is possible to fil1 the sensing 1ine with water
- during refueiing opsraticns. If the line is nct craired
prior to heatup, an erroneous inner seal leak will be
annunciated. . ’

F. OPERATIONAL SUMMARY

1. Protective Systém'Phi}osqphy

a. Redundant sensors employed to. reduce probability of system
failure.

b. Trips or protective actions are initiated from level or
pressure switches only.

c. Switches serve but one function and that is to transmit trip
" functions.

d. All signals required for remote (control room) level and
pressure indication/recorders are completely independent ot
the protective circuitry.

e. Failure of.remote recorders or indicators will not prevent
proper protective system response.

SYSTEM INTIRRILATIONSHIPS

i
M

1. Level

[{1]

Hormal Con:rol Range Inputs To:

1) reeaweter Controi Systiem

2} Main Turbine Trip Control Circuit

3) DPeactor Feedwater Pump Controi Circuit

2) Hich Pressure Cooiant Injection Turbine Tric Control
Circuiz

5} Reaczor Core Isolation Cooling Turbine Trip Control
Circuit

£} 2gzctor Preciecticn System

7, Containrent isciztion Sysigr

(4]
~——
0
1]
(8}
.
-3
8]
€
-—t
o
ct
-
O
3
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b. Zmergency Systems Rznge Inputs to:

1)
2)
3)
4)
oL g

tmergency Core Cooling System Controls

Reactor Core Isolation Cooling System Controls
Containment Isolation System

Recirculation MG Set Control Circuit

Diesel Generztor Control Circuit

c. Post Accident Flooding Range Inputs to:

1).

2. Pressure

Residual Heat Removal System Control Circuit

a. Reactor Pressure Inputs tc:

Ry
2)
3)
4)
5)

Tmercency Core Cooling System Control Circuitry
Reactor Protection System

“echanical Yacuum Pump Control Circuit
Recircu]afion ME Set Control Circuits

Feedwzter Control System

4, TECHNICAL SPECIFICATION

-

1. Technicz] Scecificetions zssocizted with vessel ‘nstruments are

=50 nUmErsus to enumerzie here. =Refer to the reverences for
fhe various sections in Tech. Specs. and in Lesson Plans for
syszems using this instrumentation.
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REFERENCES

1. éNR Systems Manual, Chapter 2.3

2. Desification Considerations in BWR Fuel; NEDM-10735, Supplement 5

3. GE Nuclear Engineer’s Manual, GEI-928238

4. Pre- Cond1t1on1ng Interim Operating Management Recommendation
(PC10mR)

5. BWR/4 and BWR/5 Fuel Design, NEDE-20944-1P, September, 1974

6. Licensing Topical Report GE BWR Generic Reload App11c_t1on for

" X 8 Fuel, NEDE-20360-P, April, 1974, Revisions 1, 2, 3 & &

™~
Y

-
H

Gz BWR Reload Licensing Amendment for Browns Ferry Nuclear Plant

Unit 1, NEDC-24020, May, 1977

Final Safety Analysis Report Browns Ferryv Nuclear Plant 3.2, 3.6,
3.7

Reference Card File 2.3

CTIvES

7o understanc the mechanicel censtruction znd nucieer desigr o7

The Tuel.

To understand the use ¢f burnabie ooisons in the fuel anc ineir

effects on core reactivity.

To uncerstznd the basis znc the metnod of -"Fuel Pre-Cenaitioning™. -

To uncarstand the past and present fuzi problems and the corrective

actions =zaken

Sover fenerztion Chlective
et e e can
. Fuei Mecranicel lesign
- el s = S= 2 £ 3 : 2l Ta mao= 3 a7
1) To orovide a nigh integrizy zssembly of fissionadie waterial
e L - I Sk = ieip~nl = . -7 scecam~l.
whizn can 5e arranzad in 2 critical arrey. The assemciy
e ,ronmak T £ F&mg - - < < -1 A
Tust € "czoabie of efTiciently transverring the generzisec
= 3 s T awd Ve - - -
figgion hezt T2 Tre Civrculziing COCIERT weter whi:s —ein-
2 Al S Sey) spf ad s fiees
Tsining sTructurd] TnTECriTy 2nd CONIAINRING tne TISSISN
DrogucTs
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b. lucleer Design

1)

2)
3)

To attain rated power generation’' from the nuclear fuel
for a given period of time.

To attain reactor nuclear stability throughout core life.

To allow normal power operation of the nuclear fuel with-
out sustaining fuel damange.

2. Safety Design Basis

a. Fuel Mechanical Design

1)
b. uci
1)
2}
-\
S)
2 Fuel Ass

[21]

-\
i)

~\

-

-

-}

-

-}

The nuclear fuel shall be utilized as the initial barrier
to the release of fission products. The fission product
retention capability of the nuclear fuel shall be substan-
tial during normal modes of reactor operation so that
significant amounts of radioactivity are not released vrom
the reazctor fuel barrier.

ear Design

Fuel nuclear design shall provide negative reactivity feed-
back that is sufficient, in combination with other plant
systems, to prevent fuel damage as a result of any abnormal
operational. transient.

Fuel nuclear design shall exhibit such nuclear cheracteristics
zs recuired to assure that the nuciear system has no inherent
tencency toward cdivergent cr cycle operaticn.

HE R N

Fuel nuclear design shzll 1imit the excess reactivity of
the core sufficientiy to 2ssure that reactivity control
systems are cepzbie of mekinc the core subcriticai zt any
-ire wizn the con+rot rod ¢f highest worth fuliy withdrawn.

~ Ty
ot [

em “echanical Construction

i
P

Fuel Bundie

764 Eundles
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b. Lower Tie Plate (Fzbricated from Type 304 Stainless Steel

Casting)
1} Directs coolant to fuel rods.
2) Provides grid for fuel rod positioning.
) 3) Contains 8 threaded holes for tie rods.
4) Positions the channel relative to the fuel-rods and relative’
to the other channels in the four bundle cell.
-5) "Has a nose piece which supports the fuel assembly and guides

6)

it into the fuel support piece during fuel loading.

A11 1 inch bypass flow holes in the core support piate are
plugged and two 9/32 inch holes are drilled in the lower
tie plate of each reload 8 x 8 assembly.

" ¢. Upper Tie Plate (Fabricated from Type 304 Stainless Steel
" Casting)

& !

2)

)
—~—

tth
—

Positions the upper end of the fuel rods.

Positions the fuel channel - the outside mating configuration
of machined bosses maintains the channel-to-upper-tie plate
alignment.

Provides fuel handling capability - 1ifting bail.

Provides fuel bundle orientation.

a) Serisl numoer stamped on handle - can be rezd frcm center
of cell.

b) Sundie instzlled with the lug on the bail pointing
toward the center of the four bundle cell.

Tignt fuel tie-rods pass through the upper tie pleate.

f the upper tie picte, the tie rods are secured
iniess steel nuts.

o O

-
L

b) A& locking tab washer is installed over each pair of
acizcent e

rods [Tizure 2).

LN - - ~ -
ti2 NJIS TC oreven

o <
he nuts.

1) The tzzs are bent up &
rotation and lcosening

ins
-
P

=
z
G
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(2) Another tab fits into a notch in the tie rod to
prevent rotation and loosening of the tie rod.

Fuel Channel

1)

3)

Constructed from Zircaloy-4

a) Alloy of 98% Zirconium, 1-1/2% tin, and small amounts
of iron and chromium.

b) Lower rate of hydride formation than Zr-2 because

nickel not used in alloy.

c) Better neutron economy, lower neutron absorption cross-
section then stainless steel.

d) Channels are to be used repeatedly in successive cycles.

Fastened to the fuel bundle with a spring clip channel
fastener and one cap screw {(Figure 3).

Purpose

2) Channels the coolant flow upward through the fuel bundle
(approx1nate1y 90% of the flow is throuch the bundle -
]0“ is bypassed around the fuel bundle}.

b) Provides a bearing surface for the control rod blades.
)

Provicdes protection for fuel rods during fuel handling.

d) Provides the primery resistance tc lezeral & erztior
cs :

]
loacdines on the fuel asseTtly (seismic load

e) {Correct control rod passage ciearance ensured by stain-
less steel buttons at the oo of the channel - *he
butzon mztes with the bution on the opposing chanrel.

Fuei Rod Spacers ( Figures 4 and 5)

Febricated from Zircaioy-2 sheet metal for neutron econcny.

Located at ~20" intervals along the fuel rod (total of
saven spacers).

[V}
b}
'R
[
m
-t
R
(@]
]
(¥4}

& ~ A ke A cpmen A
Srovize Dositive contact sUSoor
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4) Radially positions the rods relative to one another and
relative to the fuel channel.

o

~

£ solid support is formed Tor each rod 5y springs which
push the rods against their support.

a) Prevent fuel rod vibration

b) Prevent fretting wear associated with fuel rod
vibration ;

c) On 7 x 7 and 8 x 8 bundles, Inconel-X is used for .
.springs for reliable spring properties and character-
jstics. (Inconel-X is an alloy of chromium, nickei
and iron.)

6) Functional requirements placed on the fuel spacer are that
it must transmit the acceleration loadings imposed by the
fuel rods to the channel without loss of its capability to
properly position the fuel rods.

"7) Spacer-Capture Rod - The spacers are held in their axial
position by a spacer-capture rod.

a) Fuel Spacer-Capture Rod (7 x 7 Bundles)
(1) Center rod of fuel assembly - contains fuel

(2) Segmented with square end plugs to mate with the
spacer and prevent the spacer from sliding axially.

LY
w
—

Segmented sections of the center rod are driliec
to aiiow transport of the fissicn gases to the
upper plenum.

(4) Center opening of the spacer has a squere shepe
to accommodate the fuel spacer capture rod.

{(5) Fuel spacer-czpture rod Has & square lower end
plug shank to mzte with & square hole in the lower
tie plate - rod cannot rotate and release the
spacers. -

b) Spacer-Capture Water Pod (8 x 8 Bundles) (Figure 4)

< fyel asss~flv - ccntains

[}

(2) Hollow Zircalloy - 2 rod
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3) Several hdﬁes are drilled around the circumference
of the rod at each end to &llow coolent water TO
flow through the rod.

£) ‘“elded tabs relative to the exial spacer locations.
During assembly, the water rod is passed through
the spacer and then rotated to lock the spacer in
its axial position.

(a) 14 tab water rod, design improvement to provide
additional. design margin.

j. Spacer grid (14 tab water rod) is posi-
tioned by a tab above and below a struc-
tural member (divider) of the spacer
grid.

14 tab water rod has the following
advantages over the 7 tab water rod:

—do
-te
.

Provides a strenger positioning device

Reduces loads induced in the water rod

Minimizes spacer cocking

Provides improved tolerance control

jii. Strength of spacer grid positioning device
for the 14 tab water rod is improved by
approximately 33% over the 7-tab design.

{(b) O01d design 7 tab water rcd positioned spac
by beinc located between Two SIruciurai 7e
{bars) of the specer grid.

er
mhers

5) Bottom end piug of the water rod has a square shanrk
which:

(2) Mates with a sguere hole in the lcower tie tlate
and prevents rotation &nc release of the sdacers.

{b) Prevents bundle zssembly with the water rod in
the wrong position.

ct
[14]

he Weter Fod

~
Il TN

6} Effect of

!/ - s e Ed s -
\ nc ion 10 the inierior °T INg

r S
und

|
[$4]
(41}
(8]

r

~r-
L

(133

\
J
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eas
ie.

[ @ K 2X]

{b} improves neutron eccnomy.
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{c) Flattens bundle power distribution - reduces
tne rod-to-rod power peaking.

(d) PReduces the void coefficient of reactivity.

(e) Flattens axial power shapes by reducing the
void coefficient and increasing the ratio of-
non-boiling-to-boiling water in the top of
the core.

f. Finger Springs (Reload 8 x 8 Bundles Only) (Figure 6)

1)
2) -
3)
4)

w
~—

Sheet metal stampings
Positioned by the ends of the fuel rods
Fi1l the space between the channel and the lower tie plate.

Maintain a constant pressure against the lower tie plate and
maintain a constant bypass flow.

Reload 8 x & fuel incorporates finger springs for controiling
moderator/coolout bypass flow at the interface of the channel
and fuel bundle lower tie plate.

g. Expansion Spring

1
2)
3)

s
—

. CaErll

182

Located over the top end plug pin of each fuel rod.

Keeps the fuel rods seated in the lower tie plate.

Takes up differential expansion during operation and ccmpen-
sates for minor differences in fuel rod lengths Dy sliding
within the holes of the upper tie plate.

Protects the fuel rods against any impacts which might occur
against the upoer tie plate.

Spring fabricated from Inconel-X on 7 x 7 and relcad 8 x 3
fuei. :

nT DESCRIPTION

1. Fuel Rod (Figure 7)

a. Types of Fuel PRods
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1)} Standard Fuel Rods

2) Tie Rods
&} Active fuel length same zs stznaard rod
b) End plugs threaded

3) Fuel Spacer-Capture Rod
a)  Active fuel length same as standard rod

Cladding }

1) Fuel pellets contained in Zirca]oy-é tubing. (Zircaloy-2
is 92% Zirconium alloyed with small amounts of tin, iron,
chromium and nickel.)

2) Zircaloy-2 has less resistance to hydriding than Zircaloy-4
but a better heat transfer coefficient, better neutron
economy than stainless steel.

3) Cladding thickness is adequate to be "free standing" (i.e.,
capable of withstanding external reactor pressure without
collapsing onto the peiiets within).

¢) Cladding surface pre-oxidized by an autoclave process making

-

it more resistant to contarination and easier to keep ciean.

Plenum Volume

Free volume for the zccumulation o7 fission gases.

Sufficient volume providea ¢ orevent excessive internel
nressure from fissicn gases iiberzted over the cesign life

o7 the Tuel.

Fission orocucts “ormed curing cperaztion zre mestiy contzirec
wizhin tne fuel celiezs - & reiztively swell arcurt is
relezsec and must te accormodetsd insice the roc

isnum Soring

1}

Prevents movement 07 the fuel coiumn inside the Tuei rod
during fuel shipping and hendling.
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~n
S

Allows for axial expansion of the fuel pellets.

Gy
~—

Keeps the fuel pellets down in the active fuel length of
the fuel rod.

.

Y,

f

). Spring is fabricated from stainless steel.
e. Hydrogen Getter (Ré]oad 8 x 8 Only)

1) Hydrogen will combine to form a hydride of low strength
which tends to migrate to local areas in the cladding.
Blisters are formed which can result in fuel failure.

2) The getter is added as a precaution during fuel manufacture
“to avoid hydrogenous contamination (internal hydriding) in
addition to hot vacuum outgassing of the fuel rod.

3) The Zirconium-based getter is 100 times more reactive with
water than is the Zircalloy-2 cladding and absorbs any
moisture left in the fuel rod.

L) Getter Construction

a) Zirconium alloy in the form of small chips is loosely
packed in @ stainless steel tube.

b) One end of tube capped.
c) Other end of tube is covered by wire screening.
- f. &nd Plugs

i) ynper and lower end plugs are fabricated from Zircalioy-2
(Ir-2).

2) £nd plugs are seal welded to the fuel tube to provide a
sealed tube after hot vacuum outcassing and backfilling
Af +he fuel rod with helium gas to cne atmosphere oressure. .
fu=jium is an inert gas wiin 2 gooc heat trznster coetvicient. !

z) Shanks on the end plugs en
plates and maéintzin roc pe

he upper and lower tie

cace
sition in the bundie.

~
-
Py

15

%} Shanks of upper end plugs &re sized according to the enrich-
ment of the fuel rod (7 x 7 and Reload 8 x 2).

yorer end 2luc <he n

iskher
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b) The hoies in the upper tie plate are drilled tc mate
the end plug.

c) This prevents incorrect enrichment location in the
bundlie.

d) It is not mechanically possible to completely put
together a fuel assembly with any high enrichment
rods in positions specified to receive a lower
enrichment.

e) Provides visual check of fuel assembly orientation.

6) Type II and Type III fuel assemblies have a thermai barrier
" interposed between the bottom fuel pellets and the Tower
end plug of the basic fuel rods -
: ] ancd
between the connectors and their adjacent fuel pellets in
the spacer capture rods.

2) The purpose of the thermal barrier is to reduce the
operating temperature difference between the lower
end plug (or connector) and the cladding in the weid
regions.

b) The barrier consists of four ciose winds of 35 mil-dia-
meter .stainless steel wire with 30 mil thick stainless
steel waters spot welced to each end.

¢) Recent calculations and tests indicate that all stress
limits are satisfied at the welds without the thermeal
barriers - thermal barriers will not be used in Unit 3
fuel.

tuel Peiijets

1) Sinzerec¢ Cyiinder of U0, or UO2 - Gd20=

[¢1]

z) Hich density ceramic urznium dioxide or yrenium
dioxide - &azdolinium cxide.

b) OPowder cold pressed at high pressure TC form pe
znd then sintered in & reducing atmosphere at 1}

to 17509C.

c) Averace’pe11

-t Y
hie JATS

wy vy
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2) Pellet Shape

a) Short?r Fuel Pellets with Chamfered Corners {Reload
g x8

(1) Length-to-diameter ratio is approximately 1.0
(2) Corners of pellets chamfered

(3) Less mechanical interaction between the fuel and
the cladding.

(4) Reduced possibility of pellet-clad interaction fuel
failure.

'(5) Pellets are .416 inches in diameter, .420 inches
in length.

b) 7 x 7 fuel pellet edges are chamfered to reduce mech-
anical interaction between the fuel and cladding.

é) Padizl gap between fuel pellet and cladding provided to
allow for peliet growth from thermal expansion and irradi-
ation swelling.

&) Gap .032 inches, Type I, II, III
b) Gap .009 inches, Reload 8 x & !

2) Multiple Enricnments

L

a)} Power density orcportional to:

Sower Density = s-l. = :.c
) ]

where -. = Tissicn cross-section of the Tuel
]

-- = thermal neutron flux "

% = nunber density of fuei atems

b} Desirable to maintain a uniform pcwer density across
the core.

xists in the water caps due to

X
(Ficure 10).

Wy M
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CONTROL ROD DRIVE HYDRAULICS

>

BE. REFERENCES
1. Boiling Yater Reactor Systems Manual, Chapter 2, 4

. Browns Ferry FSAR Chapter 3, 4

2
3. Browns Ferry Instrumentation and Control Manual Volume IX Part I
4. Browns Ferry Operating Instructioh #85

5.  Air bperatea Control Valve Instruction Manual

6. Control Rod Drive Pump Instruction Manual

7. Reference card for CRD Chapter 2, 4

C. O0BJECTIV

rm

S

i. Describe operation of hydraulic control unit

5. Describe components and operation of CRD Hydraulic Systerm

3. Describe air §y§tems needed for control rod screms

2. Discuss the associated control room and local instrumentation

5. Review applicable Tech Specs

(Y8}
m
i
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1. The CRD System controls changes of reactivity by incrementally
positioning control rods within the core in response to
Zezotor Manuzl Control signals.

2. “ne zysten is also reguired ic suickly shut down tThE reacIor by
rzciciy inserting control reds intc the core in respense w0 &
menual or autometic signal.

1. Cor=roi 204 Jrive Hydrzulic Control Unit

ic control unit is orovided Vor each controi rcd.

©rtie
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Combines ali operatinc valves and components needed
for the normal positioning or scram of & single
centrol rod.

Unit functions on oressures supplied by CRD Pydraulic
Svetem to insert or withdraw its esscciated drive

&énd provide cooling water to the drive mechanism.

Provides stored energy to give initial scram energy
to rod.

Control Rod Drive Hydraulic System

a.

Purpose

CRD Hydraulic System provides the necessary pumps
and valves to prov1de water at the proper pressure
to the HCUs for all operations of controi rod motion.

Piping Arrangements

Provides piping and necessary volume to ‘ensure that
all rods can scram yet prevent loss of an excessive
anount of vessel inventory.

NEMT DESCRIPTIONS

Hydraulic'Control_Units (Fig. 1)

[43)

tr

(@]

fursose

Combines all operating valves and components required
£6r the normal or scram operation of a single control
."O\. .

“ydraulic risers

“2nifoid eng directional control vaives
Scram inlet and ocutlet vaives
Jzeumuiztor

Instrument essembly

czaéilatioa fentizuratien

-

i, uén ..1ty 182
(rne for each ZRD}



[AV]
—

Arrangenent

Roughiy equaily divided into 24 banks cf HCUs on each
side of the reactor building at ground floor.

d. Piping Assembly (Fig. 2)

1)

1)

Seven hydraulic risers
Insert line - to CRD underpiston area

Cooling water - from cooling water header

.Exhaust line - to CRD Hyérau]ic System return line

Scram discharge - to scram discharge volume

Drive water - from drive water header

Charging water - from charging header to accumulator
Withdraw 1ine - to CRD overnistion arez

Manifold

a) Purpose

Directs wvater between the seven risers and velves
on the HCU

b) Cormponents

Conzains cooling anc drive water check valves,
Fiizer elements o protect the dirzcticnal
control velves znd the CRD &nc pressure fest
oiugs.

S
Inlet and Outlet Scram VYalves

Control vater fiow to and frocm the CRD for
scram insertion. )

Solencids powered by 120 vec bus.
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Directional Control Valves

1)
[RS)

Energized by the action of the Reactor Manual
Control Sysiem to centrol pressure on the under
and overpiston area of the associatea CRD mechanism.

3} Operation

By energizing two of the four valves simultaneously,
the drive water header is connected to either the
under or overpiston area while the exhaust header is
simultaneously connected to the opposite side of
the drive piston.

a) Insert operation
Valves 85-40A and 85-40D open
Valve 35-40B opens to settle the drive
Valves 85-20A and 85-43D close
Valve 85-40B closes
b) Withdraw

ives 85-40A and 85-£9D open to 1ift drive
f of the ccllet fingers

‘I’ a
of

-

Valves 85-20A and 85-20D close
~ Valve 85-20D and 25-2CC cpen

.

e 85-20C cicses zllowing drive 0
le

Vevv
sett

Valve 85-40B closes

I
. .

Ticw Control Valves

Two of the directional contrci valves are eauipded
with inzegral flow control valves. These valves are
arranged so that they pass {low to or “rom the
uncerpiston area.

‘n

vt

rzert throtile vaive

i
tn

PR l- : - a® -
d witn Cirecticnz, onty

[~ (O
-
(%)

0 underpiston vCiume

(30

=oC
Tlow
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Flow to underpiston volume is grezter than
exhaust frem overpiston (beceause of larger
underpiston area.)

Thus, better speed control obtained by throttling
larger flow, i.e., uncerpiston Tlow.

Throttle drive water
b) Withdraw throttle valve

Located with directional control valve porting
flow from underpiston line.

During withdraw, rod is falling; therefore, it
is necessary to brake the rod by throttiing flow
from the underpiston area.

Flow from underpiston area is greater than to
above)piston (because of larger underpiston
area.

Therefore, spead control is only fezsible on
underpiston port.

In addition, full drive water pressure is
needed to hold collet fingers extended.

If drive wzter were throttled, collet fingers
could not be extended and rod movement would
not be consistent.

-

Throttles exhaust water.

“low Paxe

Fiow is approxinately & GP when the drive is being
inserted at 3 inches per second and 2 APM curing drive
withdrewzl coerztion.

Semerser that --under/P-over aveas are 4.0 in 7/71.2 in
Therefore it wouid sese~ 47zt Z GFY is an excsssive flow
rate. This hign rate, nowsver, is reauired 1o accommodate
“he higher P-over collet s=z1 leakage.

(F-under seal isakage is Tuch smalier.]
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Drive water and cooling water check valves

Curing a scram, the drive insert header is pressurized

+0 accumulator oressure.

Back flow is prevented through the cooling water
Tine by the cooling water check valve

Back flow through the drive header line is prevented
by the drive water check valve since accumuiator
pressure could 1ift the drive water supply valve
85-40A off its seat.

NOTE: A check valve cannot be placed in exhaust header
for the same purpose because it would prevent
normal flow operation of the exhaust header.
Valve 85-40B is oriented so that increased
pressure tends to force the valve closed rather than
than force it open.

Filters

Filters are provided in the drive water line to the
directional control valves and in the drive insert
and drive withdraw header to the CRD mechanism to
prevent damage to the directional control valves and
the drive mechanisms from rust or scale in the CRD
Hydraulic Systen water (rmost of the supply oiping

s carbon steel.)

Cocling Yater Section (Fig. 2)

1)

~y

)

~

Flow Path

Cociing water ficws from the cocling water header
zkrouch the cneck vaive to tne drive insert line at
g1l times wnen the rod is stezticonary.

Flow Rate

Flow .25-.33 GPM =zt about 20 psi above reactor pressure.

~ - T EY
i

\.l e

‘nen & <rive is in motion, oressure in the
4

on, n
is 2t drive pressure (260 2si, rezctor pressur

N =i
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Therefore, the check valve will be closed to close
off the flow of cooling water and prevent drive
water from recirculating back to the CRD Hydraulic
System.-

g. Scram Section (Fig. 2)

1) Operation

a) Scram action

Two scram pilot valves are directly connected
to the Reactor Protection System so that the
inlet and outlet scram valves open in response
to scram signals.

b) Inlet valve
When open, the inlet scram valve permits the
scram accumulator to supply the initial energy
to rapidly insert the control rod.

c¢) Outlet valve
The opening of the outiet scram valve permits
water.vented from the overpiston area of the
CRD to exhaust to the scram discharge volume.

d) Scram pilot air vaives {Fig. 2)

(1). Quantity

—
~n)
—

Type

3-way solenoid operated velves

[¥3)]
-~

Povier supply

~~

ized normaliy by 120 VAC Rezctor
Tion System power

fa) thormal position

lhen one or both are enercized, they port
=8

iy 2o scvar vely

- -

=)

Serzmoacticn

v v =t

deenergize on scrém to vent air

- - P | o=
7 scram valve dizpnragm.

=

-h
O ct
1

0
r
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g) Scram valves

(3)

(4)

{1)

—
[3)]

(6)

(7)

—
(T3]
L

Type

Both glove veives with Tefion seats to
minimize leakage

Normal Tineup
Both air operated valves normally held
closed by air pressure from instrument
air header

Scram action

Open on internal spring pressure upon
removal of control air pressure (scram

Timing

Start to open within .15 seconds after
pilot valves lose voltage .

Sequencing

Qutlet valves open slightly faster to
prevent buildup of high pressures in TRD
(has stronger openinc spring)

Position indication

3czh provided with sporing mounted nesition
swizch. Ynen both valves open, posizion
ssizches czuse Dlue reg SCram Signéy or
fuil core display on panel five

2]
ot

Ajr pressure in the valves is maintained
75 psig. “igher pressures would

tn
n
(2]
ct
v

(a) Cause deformation of the Teflon
with resui<znt velve leaxage

{b} Slightly increase scram times, narticulariy
for the initial phase o7 rod movenent.

Scram inlet valve Teakage

ore
DOSS

-
o !
LY

1y s

ICn 07 ThEe UncevrIiizton

T oceu <
cw rod insertion.

ec en

e
<

¢

[41]
<

s
i
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Scram outlet valve leakage

Causes depressurization of the over-
piston area. Cooling water pressure
on the under piston area can cause the dr1ve
to drift in.

Scram accumulator and instrument block (Fig. 2)

(1)

(a)

-
()]
~—

—
Oy
—

Purpose
Serves as independent source of stored
energy to initiate scram insertion of
the associated CRD.

Description

Piston tybe accumulator connected to N2
cylinder

Piston
Piston serves as barrier between high
pressure N, (source of stored eneray)
and the water used to initiate a control
rod scram. Under normal conditions, the
piston is in the full down location.
Piston seail

Piston sealed by two 7eflon seais and
. a rubber O-ring.

Normal lineup

Accumulator continucusly charged by CRD
Bydraulic System charging water header.

Check valve

Creck valve prevents fiow back to charging
nezder from accurulator. Accumulators will
retain charce “or some time in the event oF
Joss of pressure {(pumo trip) in charging
water header.

W, Source
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(8) Overpressure protection

Rupture disc on instrument block burstis
at 2000 psi to protect accumuiator from
OVEYPressure.

(9) Monitoring

Continuously monitored for gas and water
leakage

(a) Water leakage past accumulator piston
’ seals

Float type magnetic reed level
switch senses water in N, side.
Alarms when 37 cc of watér
accumulates.

(b) NZ pressure

Low pressure switch senses iow gas
pressure (940 to 970 psi)

{c) Alarms

Either will cause "Accumulator Trouble"
alarm in control room (aucible and
visuzl) {amber light on full core

. disolay) on panel five.

(d) Operation Action

ust then go to iccs
r troubie penel o

Local canel wiil have alarm button 1i%
for ECU.  Operator must push butten.
If 1iont coes QUT, ailarm is water
Jeakzce. If 1ight stays on, ziarm

is low Gas pressure.

-

{10) Nitrogen charging (Figs. 3 & 4)

(z)- “litrocen fcr zccumuiztor cnarging is sucoliec
=, 2 zcoumuTaTor nfTrogen Cnaefitg §IETLINS
~me on £zzn £oce 0F Tne reslIior CuiLiing
nezr the tants of HCUs
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{b) Components {Fig. 3) in each charging
station normally consists of

Nitrogen bottle .

Bottle pressure regulator &nd pressurs
monitoring instrumentztion

2 jsolation valves

Safety valve

Vent valve

Flexible hose

(c) Gas pressure

Since gas expansion during initial
charging results in low nitrogen
temperature, the final accumulator
precharge pressure must be set only
when the temperature of the nitrogen
in the accumulator has reached
equalibrium (room temperature) .

Fig. & is used to determine the proper
accunulator precharge cas pressure.

Reason for requiring a varieble charging
pressure is to assure that the piston

in the accurulator is always full down
during operation, thereby cuarantieeing
the required amount of water is available
to scram the drive. Too high a pressure
would prevent this.

f to0 iow & i1, pressure is used, the

low pressure atzrm will te trippec even
wnen =ne cyiincer piszon is Tuli douwn.
Too low & pressure will &fiect scram TImES.
I accurulators are charged o & low
pressure in hich rocm temoerziure and

the room “EWDErature SUCSESUERTiY
decrezses, it isprobable that the low
pressure &larm will be tripped.

(d) Accumuiator charcing procedures (Fic. 2)
(See Browns Ferry Operating instructions
85Sten 1114 and Tech Manuzl GEI S2807A
for detzils.;

Tts.,

I3
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(i) Close &ll HCU riser manual isolation
valves, including charging water

= : al=giip=ag o
Va]‘ve VT e

(ii) Connect a flexible hose from valve 85-590
to the floor drain and slowly open
valve 85-590 and drain the accumulator.

NOTE: A1l manual isolation valves should be
closed rather than only valve 85-588 (in
step 1) above because if the reactor

scrams while valve is open, 85 - 85-590 is
open.

(aa) Cooling water header pressure will
. be directly connected to valve 85-590

(bb) Reactor water at temperature and
pressure would be ported to the
drive P-under arez throuch the
bell check valve and could, if
the ball check vaive failed, blow
>zck through the insert line &nd
veive 85-590.

o~
weta
= N
]

-~

Verify that valve 85-22CA is ciosed.

(5v) STowly remove cap on P& to bleed off
the instrument block gas pressure.

{v, Connect cas charcinc iine to P5.
(vi) Open veive €5-229A.

(vii} Fil11 accumuiztor to specified pressure,
ciose vaive £3-220A and recep PE.

(viii) Open valve 85-226A and reverify correct
pressure.

ix} Cilose velve £5-5¢0

(x) Slowly open charging water valve 85-588

nogy- BLU riser menual isoleticn
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(1) Procedures for draining water from
jnstrument block (See Fig. 2)

- (a) Close valve (85-229A) on accumulator
instrumentation block

(b} Slowly remove cap on plug P-6.

(c) Briefly crack open valve 85-22SA to blow
out moisture.

(d) Return valve 85-229A and plug P-6 to normal
condition.

(e} Check N, for proper pressure and recharge
if neceSsary.

(12) HCU isolation (See GEI -92807A for details.)
(g) Precautions

(i) Control rod whose HCU is to be
isolated should be latched in the
full-in position.

(i) The HCU should not be isolated for
extended periods when tne reactor is in
cold shutdown in order to prevent sea!
damage due to loss of cooling water.

{5} Procedure
(i} TFully close tne isoiation valve
(€5-612) in the insert riser
(i} Fully close tne isolztion veives in
the wizhdrzw znd charging waler risers

(e5-615 ©5-583 )

{iii) Open the accumuiztor drzin veive =
discharge the water from the zccumulator
85-530 tc the floor drzin

"iv) Fully close tne isolation vaive in
-ne scrar- itgT zir Tire, AT The serET
zz2s= zzpel §n the contrcl roc. zesnerzicZ:
: tne scran 2iict eir veives.
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(v) Fully ciose the isolzticn velves in
the scram discharage riser 85-617 the
cooling water riser 85-5C¢€, drive
water riser &5-583, and tne exnaust
water riser 85-600.

(vi) Electrically isolate the HCU from the
Reactor Manual Control System.

(vii) Discharge the gas side of the
accumulator.

(13) Electrical isolation of the HCU

(a) Prevents operation of directionai solenoid
valves

(b) Accomplished by removing the color coded
* amphenal connectors.

2. Control rod drive hydraulic system

f

Purpose

Provides water at the proper pressure to the HCUs for all
types of control rod motion

‘Basic Flow Path (Fig. 5)

1) CsT
7 Syction strainers
3) " CRD hydraulic pumps

Drive water Tilters

foo

£} Recirculation Fump Sezl Tlushing wailer
5} Chercing water hezder

Fiow control station

~1
~ -

o
e

Drive water pressure control station

"y

(%]
(&)

-4
-d
3
Wy
o
o
1y
3
()
x]
(1A
{in
({1}
h
A

. =t ek e
WE CTnurTT, IuETIOn

(S ]

—
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c. YHydraulic Supply
1} System suctien - condensaie sicrage tank
2) Pumps
a) Type

Two 100% multistage centrifugal electric motor
driven pumps

(1) Pump 1A is specific to Unit 1 while pump 18
is a swing pump that can be used for Unit 1
or Unit 2.

(a) 1A pump normally valved in 1B valved out.
b) Rating

76 GPM at 1500 psig (plus 20 GPM to minimum flow
J—q‘—e )

Yine

During a reactor scram, however, the pump will be
required to deliver a total flow of 200 GPM at 1350
psig (maximum rating) in order to recharge the
accumulator (179 GPM to system and 20 GPM to
minimum flow line.)

c) Speed increaser

Constznt sceed mechanice? speed increases provided
betwseen mgior znd oume.

d} Suction sirainers

Provided to protect purp seals, etc.

[§2]
L

Yaiving

fach pump is provided with a manual suction and
dischazrge isoliztion valve.

Discharce valve is a stop check valve to preavent
reverse flow in the idie pump.

jom |
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i)

in
T
. *he stzndby pump i3
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Minimum flow

(1) Purpose

A minimum fiow 1ine is inciuced upstream
of the discharge valve to prevent over-
‘heating of the pump in case the discharge
valve is inadvertently shut.

(2) Flow path

Minimum flow line is locked open and
recirculates 20 GPM to CST through orifice
when the pump is running

(3) valve '

Minimum flow valve is stop check to
prevent backflow through the idle pump

Power source

2160 Vac motors, 1A - Unit Board 1C -
1B Shutdown Board A

Cooling

Cooling water is provided to the oil cooler
and thrust bearing by the Raw
Cooling liater System

Recirculation Pump Sezl Purge

£R2 low (2GP¥/Recirc oump orificed Tlow) is
directed to each recircuiation pump seal 10
flush tho during star: up conditions. Tnis flush
keeps dirg of seal piping to 1ncr=ase se=1 iife
and to 1imit racdicaczive waste discharg

Pump test - & pump test line is provided

{1} Fiow petn - freco pump discharge TO relurn
line

(2) Purpose - aliows pump tests when balance of
system is shut zown

ezt
SEZ

tn

ns seal pressure on stanay
ron entering the sezis o7
suczicen precsur= to the running
c. atmosgneri

H (\I

Operat nc pump Ma
pump to orevent 2

sump shouid dror Sel
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3} Drive water filter

iping arrangement

-

-
<y

Two filters installed in parallel; one is
usually on line, the other in standby.

_ b) Filter mesh

50 micron absolute (25 mincons nominal)
filter prevents rust, scale, etc. from
entering HCUs.

c) Alarm

Condition of filters monitored by dp indicating
switch. Alarm in control room at 20 psid.
d) Type

. Cartridge type filters can be vented, drained
. and cleaned and reused.

e) "Y" Strainer

nyn gtrainer is provided downstream of filters
to protect system acainst large particies if &
. filter cartidge should fail.

d. Svstem Pressure Control

1 Eggumues 1ine

——

[{1]

ICr cnerzsin

[1g]

z2) Purpose

Suoplies charzing water to the HCU accumulators
b) MNormal 1ineup

Bccumulators "flozt" at pump discharce pressure

¢} Check valve

If oumps fail, accumuiators are held charged

el ‘nocnzrging Gine upich orevents
= ev Syom HCD <5 the CRD H.oorzatic
S_
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d) Runout protection

During a Scram, the HCU accumuiators will be
fully discharged

The CRD pumps will try to recharge all the
-accumuliators at once.

To prevent pump'runout and probable tripping
of the pump motor on over-current

(1) A restricting orifice is provided to
1imit the maximum rate of recharging to
179 GPM (maximum flow is with reactor at
0 psig).

(2) A throttle valve doWnstream of the restricting
orifice is provided to provide additional
throttling if required

NOTE: The accumulators cannot be recharged
until the scram is reset (scram inlet and outiet
valves closed) due to drive seal leakace being
greater than pump capacity.

e) Charging water pressure - is independent o¥ reacior
vessel pressure

f) Caution
Hich accurulzIcr pressywres cin Ciuse very racid
acceieration of control roc enc possitie damagce

by deforming tubes or causing severe shock when
¢rive hits stop pisten at end of travel (cen
invert Believiile wasners.)

Thereiore, do not exceed 1310 psig charging
water .pressure (GE Design Engineering value).

Slcw control station (Figs. 3, 6}

™~y

a} Purnose
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Yalve arrangement

Two pneumatically operated velives in paraliel
Valve lineup

One in operation, the other in standby
Control

Flow controlied by flow indicating controller
in control room with thé M/A Station in Automatic

(1) Manual Mode

Operator sets controller output. Hence, valve
remains at a constant open value

(2) Automatic Mode

Operator sets flow setpoint. Flow feedback
signal from venturi type flow element in line.
Controller compares setpoint and flow signal

and adjusts valve position to hold flow constant.

Detailed valve control (Fia. €)
(1) Air supplies

Manual loading contrel &ir through pressure
regulator

Zuto loading control air “nrcuch E/P unit
“otive air from cesitionor

{2} Local manual operation of fiow control valve

(2) Posi*ion 3-wzy valve s provide manual
b ad

-

T
4 FZY nositicnor Trom
ng valve

[}

contrsl air o desirs

the pressure reguiati

{h) After verifyinc FZV ooerzbiiity, open
menual isclation valves and position Flow
Control valve as required by adjusting
Pressure Regulatinag vaive Tlow

-

- e b, s am - - Pl m~apmast s
~NTE 2ULLTaTC ez AN LW SCRTYOy vEive
-
o
z

gir to desired flow
- .

1
™ /7 unit.
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(b} Locally position electrical selection
switch to direct signal from flow indicating
controlier ¢ cesired &/F unit.

(c) - After verifying operability, open FCV
manual isolation valves and position
valve as required.

f) F]ow'with,flow control valve closed
(1) Flow rates
9 GPM with reactor at zero pressure
3 GPM with reactor at rated pressure
(2) Puroose

Fo]]cw1na a scram, the f]ow through the

charcing water header will be 170 GPH.

The flow control valve will therefore be
. fully closed trying to maintain 76 GPM.

Flow of 3-9 GPM is permitted to pass
<through the system and back to the reactor
vesse] to assure that the reactor vessel
return nozzle does not heat up (up on 2
stoppage of flow) and subsequently rapidly
cool down upon re-establishing norﬂa1 <Jstem
flow. This prevents thermal oversiressing
=ne 7Y nozzle.

I R

Drive water pressure control station {Fig.

)
—

m
Ny

g) FPurpese

ure

Tc provice & rethod for zc¢justing the press
ithdraw

of the water supply used to insert and W
coentrol rods.

Pressure control valves

QO
e
\

(1) One motor operated oressure control valve
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(Z) Operation
Valve is positioned to meintzin drive water
nressure at reactor pressure plus 250 psig
o+
(PRx 250)
(4) Drive water header

Provides driving forces to each of the HCUs .

4) Cooling water pressure control station

a) Purpose

c)

1.3

Provides water at an adjustable pressure
above reactor pressure to maintain CRD
temperature much less -than rated reactor
temperature to protect CRg mechanism seals.
Normal temperature is 200°F.

Valve arrangement

Yotor operated pressure control valve
bypassed by manualiy operated pressure control
valve.

CRD Instrumentation

Temoerature of the CRD mechanism is monitored
by a thermocouple in the Rod Position Information
System precbe. :

Temperature is printed out on a muiti-poing
recorder in the conirci rocom. A high temperature
zlarm alarms at 350°F on & control-rod drive
mechanism.

Purnose of temperature monitoring

(1) Operation at high temperatures for extended
periods will reduce the life of the drive
crapnitor seais.

{2) Temperature instrumentation also provides a
means for detection of ieaking scram outlet
veives. i
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e) Operation

Vaive is positioned to maintain cooling water
_ pressure at reactor pressure + 18 - 37 psig
(pr + 18-37)

.

f) Flow path

Cooling water from the cooling water header
flows to the HCUs where it is ported to the
drive insert line.

5) Automatic drive and conling water header pressure control

a) Pressure in the drive and cooling water headers
is dependent upon reactor pressure

b) The flow control valve maintains a constant flow
of 78 GPM through the system. (That is, the
fiow control valve will have to open further as
reactor pressure increases in order to maintain
the required system T ow.)

c) If flow stays constant in the system, the pressure
drop across the drive and cooling water pressure
R control valves wiil stzy constant regardless of
reactor pressure.

esu]:, +he drive and cooling water pres<ur=
rol valves wiil r=0J1rn adiusting oniy onc
svste™ startup, and will ﬂob recuire cun zant

1
sTment durinc & startup or shutdown.
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System return line
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Returns water from the CRD dydrau11c System
<o

reactor.
"1} Zxhaust from cooling water PLY
{2} Exhaust from stabilizing valves
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Primary containment isolation
Primary containment isoistion is provided by

two check valves backup by a motor operated valve
which has no automatic isolation signals

RPV nozzle

The flow returns to the reactor vessel thréugh
the CRD return nozzle.

Purpose of returning to reactor vessel

The CRD Hydraulic System must be operated on
a constant differential pressure above reactor
pressure. :

Hithout returning to the RPV, the drive and
cooling water pressure control valves would
require continuous operator adjustment or
automatic control to yield constant differential
pressure.

Stabilizing valves

a)

b)

c)

Purpecse

To provide system flow stebility when inserting
or .withdrawing a control rod drive.

Configuration
Two identical sets of valves

In each set, one valve is for insert
cserazion. the cther “or withdraw operzticn.

Normal lineup

One set of valves in operetion with the other
vélved out

Solenoid valves are open unless rod is driving.

-Contro} room switch cdetermines which set of
is in service.
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Flow adjustment

Needle valves downstream of each solenoid
valve provided for setting the required flow. .

Flow path

Path is provided from the drive water header
to the return line.

Normal operation

Both solenoid valves in one set are normally
open with flow set by throttling valves

Insert stabilizing valve - passes 4 GPM (flow
required by a CRD while inserting.)

Scram Discharge Yolume and Instrument Yolume (Figs. 5 & 7)

1) Purpose

7o receive and contain the water exhausted from
all CRDs during a scram, thereby limiting the joss
of water from *he reactor vessel.

.
~ny
~—

Definition
a) Scram discharge volume

thas

The hezcsr niping that runs over the teo oF

the nlls.
It is the piping that connects the HCUs to the
ingtrument voiume.

b) Instrument voiume

The "U" shaped piping provided for the measurement
of water released from the drives to the screm
discharge voiume during & scram.

3) Scram discharge volume valves

mpefmm Een AT asa a2
-t vl - e e e - LIRS

.
= enT = IZS -
= . - - - <

311 T LT2n.

t

> - ] valve air to coen, spring T cicse
valy

el &
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Scram discharce volume sizing

Independent o the instrument volume, it is sized
to contain the water voiume discharged from ali the
CRDs (3.3 gals/drive).

Thus, during a scram, the scram discharge volume
partially fills with water. )

Scram action

On a scram signal, the vent and drain valves
will shut.

Initial volume pressure during a scram

The back pressure in the volume wili not exceed 65 p
initially so as not to affect drive scram timing.

Pressure rating after scram

With all CRDs fully inserted, leakage past the CRD
seals from the CRD pump and from the reactor through
the scram vaives fills the discharge volume and
pressurizes the volume to reactor pressure.

Overpnressure protection

Relief valve set at 125G psic.

-

‘Yent and drain path

“he S2V vent z2nd drain vzlves are ciped o the
Rezctor Building Equipment Drzin Tank (RBEDT),
o assure no zirborne activity is reileased to the

rezctor building atmoschere when a scram is reset.

- . -
(NETrumentzIiIon voiume

a} Provides means for measuring ameount of water in

o580, Yolume in instrurent volume is not needed
for screr.

b} Normal conditions

Tehe serz~ disgnarce V0T.mE €nCuiC aorTeily feoem
1< érvcessive 1zaxace or inaldvertent vent or
drain veive closure czuses the scram cischarge
voiume tc i1l, contral rod irnsertion mizht be
creyentec Zuring & scren

sig
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tzvel switches

Six Tloat tvpe Tevel switches ere corrected
to the instrument volume to monitor the vo1ume

for abnormal water level.

Volume not drained switch

When 3 gallons accumulate in the instrument
volume, one level switch trips and causes
an alarm in the control room.

High level

When the instrument volume is half full
(25 gallons) a second level switch trips
and causes & rod block.

High-Kigh level reactor scram

The other Tour level switches trip when the
instrument volume is full (50 gallons).

‘Inen two switches in a one-of-two-twice logic
trip, the reactor will scram since operation
without scram cepability is forbidden and scram
capability is lost if the discharge volume fills
Turther.

High-High level byoass

Zischarge volume hich water level scram czn be
byszesad usinc & keylock switch in the Shutdlown
and refuel nodes of operation.

z} This enebles *he Peac=or Protection System
s be reset S0 Thet the discharae voidre
vent and drzin vaives can be opened to
drain the discharge volume after a scram
without initiatinc & subsequent scram due
tn hicn water level.

or
~—

tinen the SDV high water level scram is
bvoassed controa rod J1‘hdr~wax is Flocked

......
~ g
r‘-_ﬁ IR
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11) Scram dump valves {pilots and solenoids) {(Fig. 7)

2)

c)

d)

f)

Purnose

These valves apply 75 psig control air to the
diaphram operators of the SDV vent and drain
valves to hold the valves open

Quantity

There are two total valves.

Power supply

Each solenoid is powered from a separate
Reactor Protection System bus.

Scram action

Wlhen both solenoid operated scram dump valves

are deenergized by the Reactor Protection System,.
air is vented to atmosphere and the SDV vent

and drain valves shut.

Conditions for closing

I1f only one scram dump valve is deenergized,

the SDV vent and drain valves will. remzin open.

12} Discharge volume isolation test valve

wr

Purnose

Can be manually ciosed from the control rcem
to check for leaking scram outlet valves.

Poasr supply

Normal power supply instrument and control BusA
back uo power supply is the uninterrupteble

12C Vactus

13} Scram pilot solenoid valves

)

PUrpose

Tne Zizohrar CCEreiors €7 TAE SCUEM LraET eng
ou=let vzlves are nelo ciosed oy insTrurent
zir at 75 psig.



14)

d)

e)

Quantity
There is a pair of valves for each of the 155 HCUs.
Power supply

Each solenoid is powered from a separate Reactor
Protection System bus.

Scram action

When both solenoid operated scram pilot solencids
are deenergized by the Reactor Protection System,
air is vented to atmosphere and the scram inlet
and discharge valves are opened by internal spring
pressure resulting in the drive scramming.

Conditions for closing

If only one scram pilot valve is deenergized,
the scram valves will remain closed.

Backup scram valves

a)

Purpose

Provide redundant means of venting air from

scram nilot valves and scram dump valves.

Primary purpose is to provide znother mechenism
for scramming the 1 or 2 drives which, due to
unknown factors, fail to scram.

The vaives zre not iniended tTo Tunction &s &r
zizernate metnoc of rzpidly sCramming Tne resctor
Valves

Two solencid cperated three-wey piiot vaives
rgi '

normaily ceene
Power suocly
sowered from 125 vdc bus.

Scrzm operztion
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Energizing either valve will vent air off
a1l scram valves and the two scram dump valves.

Scram operation will be slow ( 15-20 secs)
beczuse ot the large volume of air which
must be vented througn the sm&il valve ports.

e) Backup scram valve action

The SDV vent and drain valves will also close
- if either one of the 125 vdc scram backup valves
: becomes energized. These valves are normaily
deenergized. :

If either energizes, air is vented off the entire
"scram air header, opening HCU scram valves and shutting the
shutting the SDV vent and drain valves.

f) Check valve around downstream B/U scram valve

is to allow faster venting of air if only upstream
valve energizes.

F. INSTRUMENTATION

. 1. Cortroi Room Instrumentation
It Device Range
Syszem f1ow‘indicating -- 0-100 GPM

: Controller

Chercing water pressure Indicator 0-230C psic
Drere wztzs Tiow indicstor 0-& GFM
drive water differential Indicazor 0-3032 psid
prassyes
Ceciing wazer flow ingiceIor 0-83 GP°M
Ccciing water differential Incicazor 0-60 psid
pressurs
Return water flow Indicator 0-50 GPM
Jvive tzmperzture My

’ -3 ~
~o me, TIZroy? -,
.- S et ew TH,
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Significant Alarms, Interlocks & Trips

Item Set Point Remarks

Scram vaive air supply 70 psig A]a}m only. Indicates

low pressure abnormally low control

’ air pressure

Scram discharge volume 3 gals. - Alarm function only.

not drained Indicates possible
leaking scram outlet
valve,

Scram discharge volume 25 aals. Probable significant

hi level rod block leakage. Provides .a

rod withdrawal block
Reactor will scram

at next higher level if
not corrected.

Scram discharge volume 50 gals. Above this level, adequate

Channel /5 high level space for water coming
from the drives upon a
scram cannot be guaranteed
Therefore, the plant must
be scrammed.

Rod drive purp low 18" He. Indicate of faulty suction
suction pressure absoiute path tc pumps - probably
a dirty suction strainer.
Will trip the pump.

-h
4

or Rich level/ 37

indicztive of lezking

r nitroecsn ‘.t:'n., or

g Teaking piston seals in
accumuiator cylinder or
a reector scram {causing Tow
accumuiator pres s're,
Two irips czuses 2 rod
out block.

')(1

) F Alarm oniy. Check
rature cooling water flow to
affected drive.
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3. Significant Local Instrumentation
CRD pump suction pressure
Filter differential pressure
System flow
Charging water pressure
- Drive water flow
. Drive water differential pressure
Cooling water flow
‘Cooling water differential pressure
Stabilizing valve flow
: Return water flow
Scrzm valve instrument air pressure

'. Accumulator nitrogen pressure (on HCU)

G. OPERATIONAL SUMMARY
1. Keep running at all times:

a. Prevents damace to seals by providing cooling water ¥or the
CRD mechanism.

b. Provides ficw “hrough CRD mechanisr *o vsssel, oreventing
‘crud' from Teliing from vessei into CRD mechanism,
possibly fouling filters or demaging sezls.

c. Keeps system filled and vented.

c. Keeps recircuiation system pump seals purged.

2. Venzing
a. The CRD Hydraulic System should be weil vented nrior
+o starting CRD pumps to prevent pressure surges
{(water hammer) in the CRD System lines.
-, Tez -teessure overzicTon end cressure undsrotiston Unes
oulg Be we)l YVERTes 0 insurs frocer conivel roc orive
eration.
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c. Causes of air in system

1) Occurs primarily when reactor is at zero pressure
and CRT punss zre off.

2) Following removal or reinstallation of a CRD
mechanism,

3) Following hydraulic control unit (HCU) servicing.
d. Vent locations
1) CRD Hydraulic Systeﬁ
Pump vents
Filter v$nts
Pinping high point vent valves
2) CFRD pressure overpiston piping
CRD pressure underpiston piping
Elug type vents located in high point on piping.
o harg pipinc installed, hoses must be run from

vent piucs to Tloor drq1“s.

e. Problems o air in CRD pressure overpiston lines

e |

} Erratic rod resconse to control occurs

Z) Bed mas net seitle fully - an “eccumulator discharce

gTT2CT  cCoors
¥. Problems with air in CRD pressure underpiston iine

1Y The CED will f2i1 to noich out because of & 10s3
¢t unizzchinc 3/¢T .

2% The CEZ will fail to notch in because insuvvicient
o/3 wiil be produced to —ove tne rod TO the nex:
lazchee posizien. It wiil nave & long settiing
time &s it setties back 0 its orlaxnal position.
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Scram Valve Leakage

a. If scram valves leak, a d/p will be caused across the
piston resulting in slow rod insertion

b. This will be seen &s "rod drift".

(@]

7o clezr the condizien, insert the rod fully and
scram the control rod to try to get scram valves
to reseat.

Cooling Water Pressure High

a. If cooling water pressure is increased to a point where
the d/p is enough to 1ift the control rod, slow inward
movement of the control rods will occur.

CRD.Drive Pressure Variations

'a. The drive water pressure of PRx x +260 psig is a nominal

value.

b. Due to variations of the CRD mechanism seals, i.e.,
different wear rates, etc., more than 260 psid might
be required to move & rod.

c. If a rod does not move with drive water pressure set
2% reactor pressure 250 psi, increzse the drive water
pressure until- the rod begins to more.

d. Then decrease pressure 10 nominal to-keep rod moving.

e. This oten occurs after the rod is withdrawn for the
first time after a long outage.

Scram

2. Foliowing a scram but before the screm discharge volume
is fulil, the control rod will be in an overtravel in
-ps<ticn since there is still a large d/p across 1ine
pis<on.

5. Therefsre, the green fuli in light on panel five wWill
be on but there will be no rod position readout displayed.

c. After tne scram discnarge voiume is fuil, there will be
no d/p zcross the piston, and the rod wiil settle intc
the 00 piston.

I ToTADRHI XV
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Failure of CRD pumps

a. Operator will be unabie to move control rods using
normal procedures

b. Fazilure of both CRD pumps can be tolerated for a short time.

c¢. Accumulators will start discharging because of back leakage
through check valves.

d. If there is low pressure-on an accumulator, plant should be
scremmed if reactor pressure is <550 psig.

RELATIONSHIPS WITH OTHER SYSTEMS

1.

(s

s

o

Raw Cooling Hater

"CRD ! /drau11c System purps coo:ed by Raw Cooling Water System.

Therefore, RrRaw Coo11ng vater must be operating in order to
operate CRD System.

Power Supply
1A pump is powered from 1 C 4160 Unit Board; 1B is powered fr

Shutcoswn Board 1A which can be fed Trom a diesel - neecdec %o
preven: damage to CRD mechanism seals by providing cooling
durin

.durinc loss of normal power conditions.

Provides si s to hycrauiic conirzl unit o conzrel directional
cont-s? valve positions to controi normal rod motion.

Con<rol r~ir System

Services the fiow control valves, scran vaives and scram discharge
volurme vent znd drain valves.

- . - . - -

o, e~ s e, S yz=orm -~
Tt ovw ==l - _fe -

SF Staw §s mirzcted 0 DOLh SE27S TO_DUrIE the S€a s OF COonTamina
wnics woula zut =he sezls ana possibly incrszese Rad wasie acTivity
Conzzrinztsc Condenszie Storage Tank
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CIFICATIONS

1. See Control Rod Drive Lesson Plan for all applicable technical
specifications associated with the control rod drive hydraulic system.



